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ABSTRACT
This study examines the effect of a law enforcement program implemented to check illegal 
and unsafe motorist and pedestrian behavior. A case study involving eight selected 
intersections in Las Vegas (four control and four treatment) was carried out over a period 
of seven months in conjunction with the pedestrian law enforcement program conducted 
during March and April of 1996. Pedestrian and motorist behaviors were video taped in 
120 minute segments. The tapes were then reviewed to count vehicle violations, pedestrian 
violations, conflicts, total vehicles and total pedestrians. Violations and conflict rates for pre 
and during enforcement, and pre and post enforcement phases were compared using the 
Wilcoxon signed rank test - matched pairs. Regression analyses were then conducted to 
determine the effect of intersection design characteristics on violations and conflicts.
The results from the nonparametric statistical tests suggest that the law enforcement 
program did not have any long term impact on reducing pedestrian violations, vehicle 
violations and conflicts. The results from the regression analysis identified “pedestrian 
volume” as a significantly consistent explanatory variable for the dependent variable 
“pedestrian violations”. Likewise “vehicle violations” and “with signal outside crosswalk 
violations” showed up as significantly consistent explanatory variables for the dependent 
variable “conflicts”.
Ill
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CHAPTER 1 
INTRODUCTION
1.1 Pedestrian Safety Problem in Clark County
This study examines the effectiveness of a law enforcement program carried out in Las 
Vegas to check illegal and unsafe motorist and pedestrian behavior. It also examines the 
effect that intersection design characteristics may have had on the pedestrian behaviors 
observed during examination o f the law enforcement program.
Walking is the oldest and the world's first mode of transportation. However, 
pedestrian safety is a growing concern in Clark County which has witnessed a surge in 
pedestrian-related accidents. This is especially true of the Las Vegas Boulevard, “the strip” 
the new downtown and other commercial districts. In Clark County, a total of 299 fatal and 
4272 injury pedestrian accidents were recorded from 1987 through 1995.
Pedestrian behavior is a critical issue at traffic intersections, where the number of 
interactions between pedestrians and vehicles is high. The number of different vehicle 
movements (left, through and the straight), and the number o f lanes added for capacity, 
make pedestrian crossing tasks difficult. Some accidents occur even when a pedestrian is 
crossing at a marked crosswalk in accordance with the law. In this case either the pedestrian
1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
is hidden from the driver's view or the driver may be impatient. At intersections with 
permissive left turns, drivers are concerned with the oncoming through vehicles and in 
utilizing gaps to execute a safe turning maneuver, and pay less attention to pedestrians who 
are crossing. Local enforcement agencies have reported that the main contributing factor 
for most pedestrian accidents, has been failure by the motorist to yield the right-of-way to 
the pedestrian.
However research reveals that jaywalking is a major cause of pedestrian injury and 
death. Jaywalking usually refers to the illegal crossing of a street by a pedestrian [25]. In 
Nevada, the term jaywalking is defined as the crossing of a street by a pedestrian between 
two adjacent controlled intersections and outside the crosswalks. In some cases, a lack of 
knowledge and understanding can lead to an error (for example, misreading or 
misinterpreting pedestrian crashes). Also commonly observed are pedestrians who do not 
comply with pedestrian signal indicators, or who do not use the designated crosswalks that 
are meant for safe and efficient pedestrian movement. Additional factors such as crosswalk 
proximity and convenience, pedestrian age, and the consumption of alcohol can induce 
unsafe pedestrian behaviors.
Adherence to traffic laws ensures smooth travel and promotes safety. Traffic control 
devices help implement these laws. Proper use and strict adherence to the signals minimizes 
the occurrence of accidents. But undesirable pedestrian behavior and the violation of traffic 
signs, can greatly increase the risk of an injury or death. This makes it all the more difficult 
for the drivers to anticipate pedestrians, and often results in some form of collision.
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Therefore some form of law enforcement which puts a check on the behavior of both the 
motorist and the pedestrian, is required.
1.2 Clark County Enforcement Program
In 1996, the Nevada Department of Motor Vehicles and Public Safety, Office of Traffic 
Safety (GTS) launched a campaign to increase awareness of pedestrian safety and traffic 
laws among both pedestrians and motorists. The main focus of the campaign was law 
enforcement and education. The law enforcement program was initiated by the Las Vegas 
Metropolitan Police Department (Metro). The initial goal of the program was to ensure that 
the motorists yield to pedestrians at signalized intersection crossings, and comply with laws.
The TRC (Transportation Research Center) at UNLV was asked to evaluate the 
effectiveness of the law enforcement program. A number of candidate sites were identified 
by the TRC, upon consultation with the Metro. The sites were narrowed down to eight. 
The eight sites represented four treatment intersections for the enforcement program and 
four control intersections. The treatment sites were the intersections of :
1) Fremont and Las Vegas Boulevard
2) Sahara and Las Vegas Boulevard
3) Charleston and Las Vegas Boulevard and
4) Flamingo and Maryland Parkway 
The control sites were the intersections of :
1) Third and Bridger
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2) Fourth and Stewart
3) Koval and Flamingo and
4) Twain and Maryland Parkway.
Figure 1.1 shows the control and treatment intersections.
While enforcement is considered to be an essential element of a successful pedestrian 
safety program, little quantitative information exists on the effectiveness of enforcement 
activities on pedestrian accidents [32]. This research evaluates the law enforcement program 
and examines relationships between intersection features and violations, conflicts, and their 
rates.
1.3 Overview of the Thesis
After the introduction and the outline of the law enforcement program in Chapter I, Chapter 
2 consists of a literature review and a review o f the pedestrian accidents in Clark County 
and those that occurred within the metropolitan area of the Las Vegas valley, from 1987 
through 1995. Also human factors aspects o f pedestrian and motorist behavior, traffic 
conflicts, counter measure programs and pedestrian safety laws, are discussed. Chapter 3 
discusses the methodology of the study including data collection and data analysis. Chapter 
4 reports on the statistical techniques used for analysis o f the data on, and the effectiveness 
of the enforcement program. The before, during and the after phases of the law enforcement 
program are compared statistically. In Chapter 5 regression analyses are conducted to 
identify the impact of design features on pedestrian and motorist behaviors at the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
intersections. Also additional human factors aspects of pedestrian and motorist behaviors 
observed at the intersections are reported. Finally, Chapter 6 presents the conclusions and 
recommendations from this study.
Figure 1.1 Control and Treatment Sites
Ticannent Site
Control Site
Oa« tim
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CHAPTER 2 
LITERATURE REVIEW
2.1 Pedestrian Crashes
Crashes have been defined as unexpected events by Chapman et al [2] and a bane on the 
society by several others. Whatever the definition, a crash causes considerable pain, 
suffering and economic loss. On a severity scale, NDOT (Nevada Department of 
Transportation) categorizes pedestrian crashes as fatal, and injury only. In a fatal incident 
lives are shattered or changed forever. Injury crashes can inflict pain and may disable a 
person, temporarily or permanently.
Pedestrian crashes account for a sizeable number of the total traffic incidents. 
Garder [9] reports that in Sweden every fourth traffic fatality is a pedestrian. In the United 
States, it is estimated that each year approximately 5500 pedestrians are killed and 90,000 
injured in collisions with motor vehicles [33]. Literature review revealed that although 
information on the age, location, and place of the crash can be obtained, the actual sequence 
of events leading to an accident is difficult to determine or predict. In Florida, a study by the 
FOOT (Florida Department of Transportation) revealed that 70 percent of all pedestrian 
collisions were found to be either of the dart out, intersection dash, backing up, location of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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bus stops near an intersection, or failure to yield types [8]. The safety engineering division 
of the Nevada Department of Transportation (NDOT) conducted a study on the Las Vegas 
Boulevard in 1992, and found that most o f the pedestrian accidents were caused by 
pedestrian errors like jaywalking and disregarding pedestrian safety devices such as 
crosswalks, and signals.
2.1.1 Types of Crashes in C lark County and Las Vegas
This section reviews some of the pedestrian crashes that occurred in Clark County and the 
urbanized area of Las Vegas. Traffic crash data from 1987 through 1995 were obtained 
from NDOT and the information was extracted using the SAS (Statistical Analysis Systems) 
software. In the urbanized area of Las Vegas there were a total of 102 fatal and 1704 injury 
pedestrian crashes, from 1987 through 1995. The distribution of fatal pedestrian crashes 
that occurred during this time in Clark County as well as in Las Vegas is shown in Figure
2.1. The highest number of fatals within an intersection was observed in the year 1990 for 
Clark County as well as Las Vegas. Clark County accounted for 15.3 percent o f all 
pedestrian fatal crashes from 1987 through 1995, while Las Vegas accounted for 7.0 
percent. Also the distribution o f fatal crashes that occurred within the intersection for the 
five pedestrian actions of crossing at intersection - with signal, crossing at intersection - 
against signal, crossing at intersection - no signal, crossing at intersection - diagonally, 
and crossing at intersection - no marked crosswalk, are reported in Figure 2.1. Figure 2.2 
shows the injury pedestrian crashes in Clark County and Las Vegas. It will be noticed that
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the injury crashes showed an increasing trend from 1987 through 1995, with a slight drop 
in the year 1991. Clark County had a high of pedestrian injury crashes in the year 1995 
which accounted for 15.6 percent of all pedestrian injury crashes, from 1987 through 1995.
Amongst the pedestrian actions which led to a crash, the leading pedestrian action 
was “crossing other than at an intersection with no crosswalk”. This alone accounted for 27 
percent o f the all pedestrian fatal and injury crashes from the year 1987 through 1995. 
Following in second place was “crossing at intersection with a signal”, which accounted for
16.9 percent of all pedestrian fatal and injury crashes. The third most frequent action was 
“running into the roadway”, which accounted for 14.8 percent.
Further analysis was done to determine the number of crashes that occurred within 
the intersections. Crash data for the intersections selected for this study were compared with 
the intersection crashes in the urbanized area of Las Vegas. Figure 2.3 shows the number 
of fatal and injury pedestrian accidents. There were a total o f 51 pedestrian accidents in the 
8 selected intersections, from 1987 through 1995. Three of them were fatalities and 48 were 
injury accidents. The leading pedestrian action was crossing at the intersection with the 
signal. In the next section the human factors aspects leading to crashes are discussed.
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Figure 2.1 Fatal Pedestrian Crashes
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Figure 2.2 Injury Pedestrian Crashes
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Figure 2.3 Pedestrian Crashes in Las Vegas
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2.2 Human Factors Aspects
The study of human factors focuses on human beings and their interaction with products, 
equipment, facilities, procedures, and environments used in work and everyday living [31]. 
In the
transportation sector, human factors serves as a tool to examine the human errors which 
lead to accidents. Human error is an undesirable human behavior which has the potential 
for reducing traffic safety. Sanders et al [31 ] have reported that approximately 85 percent 
of accidents are due to human error. In this section we primarily concentrate on the two 
most important elements of a roadway, the driver and the pedestrian. Some human factor 
issues relating to driver and pedestrian behavior within the purview of the intersection are 
discussed.
2.2.1. Driver Behavior
The driver performs tasks including perception, judgement, decision making, cognition and 
response. These aspects are referred to as “behavior”.
Literature has revealed that there are three domains of driver behavior. The first 
domain concerns affective behavior, which includes the affections, feelings, motives, needs 
and other aspects that pertain to the goal-directedness o f people’s actions. An example 
would be signaling before lane changes. The driver maintains the motive of avoiding driving 
errors. In the absence o f this motive the driver fails to signal. Frequently, affective driving 
errors occur when conflict between motives is experienced. This particularly is observed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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when the driver is in a hurry and speeds. The feeling of wanting to be cautious and law 
abiding is weakened by the urge to hurry and not to be too late.
The second type of behavior is cognitive beha\nor. This pertains to understanding 
and includes cognitions, thoughts, reasonings and everything that pertains to decision­
making and analyzing people’s actions. The previously mentioned example of signaling 
before changing lanes involves cognitive reasoning apart from motivational aspects. The 
driver processes the information by common sense and logic. More commonly observed is 
a decision taken by the drivers while overlooking a blind spot. Learning to make correct 
judgements in routine driving incidents is an important cognitive driving skill.
The third type of driver behavior called psychomotor behavior, pertains to the 
individual’s overt actions. This includes all experience that is mediated through sensory and 
motor channels. In the same example of signaling before lane changes, psychomotor actions 
like eye-hand coordination, motor readiness to apply the brakes if necessary, and twisting 
of the neck to look behind occur. Some less visible endocrinal and neurologic changes also 
take place. In case of driver error in certain cases, silent or overt verbalizations reflecting 
the emotions of the driver are revealed .
Since the behavior aspects differ from individual to individual, there is a chance for 
unpredictability and risk in causing crashes. This risk is highly magnified when the driver 
violates the rules of the road, and / or is under the influence o f alcohol or drugs. Therefore 
the more complex the task, the more the chance for human error. It can thus be emphasized 
that driver behavior is what the driver does, and not what he can do [7].
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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A driver who is unfamiliar with a locality tends to look out for signs, landmarks or 
other route guiders to lead him to his destination. Thus some road design features which fail 
to match the drivers' expectations will puzzle and distract them, causing potential danger to 
pedestrians [2].
At an intersection the driver is required to perform a number of tasks relating to 
judgement, cognition and perception. Not only does he have to be cautious of the 
approaching vehicles, but he also has to yield the right - of - way to pedestrians. This is true 
in places where, in the absence of traffic signs, the driver assumes to have the right - of - 
way. At Tee intersections, it was observed that drivers who are proceeding straight ahead 
tend to behave as if they have precedence over the left - turning vehicles, leading to 
accidents [28]. Stress on the other hand has significant effects on decision making [36]. 
The resulting stress may be an aftermath of a poor night's sleep, fatigue, tension, old age, 
or excessive physical / mental work. It has been found that under conditions o f stress, 
decisions degrade and result in judgmental errors.
2.2.2. Pedestrian behavior
A majority of the pedestrian trips include shopping, trips to or from work, and trips to or 
from school. The rest of the trips comprise those undertaken for recreation and pleasure. 
Whatever the nature of the trip, pedestrians include individuals from every age group. As 
Chapman et al. [2], have stated, pedestrian behavior research is concerned with the reactions 
of pedestrians in negotiating the road environment and the variables which influence those
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reactions. Emphasis is placed on the road crossing and behavior leading up to this.
Among the pedestrian errors reported, failure to execute looking behavior before 
crossing, stands out [28]. By failing to look, a pedestrian not only increases the risk of 
injury or death, but also violates traffic norms and regulations. Grayson [12], in research 
involving child pedestrian accidents, has found that looking behavior prior to crossing was 
an important factor in many crashes. Ninety percent of the children involved in accidents had 
not looked before crossing. The elderly have a different problem. They have a hard time 
seeing signals because of environmental factors like rain, snow, fog, darkness, and glare 
from vehicles [1]. Studies by Mullen et al. [25], show that pedestrians who serve as 
disobedient models (models who do jaywalking) are bound to have a greater influence on 
other pedestrians than obedient models (models who do not jay walk). There also are many 
individuals who have difficulty interpreting the traffic control devices meant for their safe 
and efficient movement.
2.3 Traffic Conflicts Approach
To evaluate traffic safety, it is not enough to measure the crashes alone. Generally traffic 
conflicts can be used to define and measure the potential for traffic crashes. This is because 
not all crashes are recorded in the database. It is more likely that collisions (or conflicts) 
resulting in injuries, will be reported [20].
A conflict is defined as an event involving one or more pedestrians and one or more 
vehicles, in which one or both perform some atypical or unusual action, such as change in
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direction or speed, to avoid a collision [17]. Therefore if the pedestrian and / or the driver 
has to take some form of evasive action, to avoid a collision, it is considered a conflict. 
Evasive actions here refer to a sudden change in speed of movement. For vehicles it is 
either braking, change of lane, or sudden acceleration and for pedestrians it could be 
stepping back, stopping, running, or some form of lateral movement to avoid a collision.
The literature review revealed that considerable research needs yet to be conducted 
to clearly establish a relationship between pedestrian / vehicle conflicts and crashes. Early 
research by Robertson et al. in the year 1977 [29] and later by Zeeger et al. in the year 1980 
[38] dealt with pedestrian behavior. The conflicts were related to behavior and a before- 
and-after-type study was performed to determine pedestrian behavior. Conflicts were 
classified by a predetermined "severity scale" by Erke [6] and Mulhrad [24]. The traffic 
conflicts were categorized as light, moderate and serious. Later Cooper [3] defined 
conflicts by his Post Encroachment Technique (PET), which is the only one not based on 
evasive maneuvers. His PET technique measures conflict as the time difference between the 
moment an offending vehicle passes out of the area o f the potential collision, and the 
moment of arrival at the potential collision by the "conflicting" vehicle possessing the right- 
of-way. The Swedish Traffic Conflict Technique as reported by Hydel [16] uses a Time-To- 
Collision (TTC) measure to define conflicts. The Time-To-Collision technique uses the 
speed and distance between the two road users at the time of evasive action. The TTC is 
then computed by dividing the distance by the speed.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
2.4 Pedestrian Safety Laws and Enforcement
Enforcement of traffic laws and regulations is an important element for safe pedestrian 
activity in a roadway environment. This includes not only enforcing pedestrian regulations, 
such as walking against the signal, and jaywalking, but also motorist actions as they relate 
to pedestrians [32]. Moreover drivers who do not yield right - of - way to pedestrians when 
turning, and those who run a red light or a stop sign, are penalized.
Traffic law enforcement comprises an important area of regulation for both the 
community as well as the police. The formal laws stipulating that at an intersection every 
automobile should come to a full stop at a stop sign, yield right - o f - way to pedestrians 
all the time, and so forth are very clearly established. Following is a list of some o f the 
Nevada traffic laws relating to pedestrian movement at an intersection :
Traffic Laws, City Nevada Revised Statutes, vol. 33,1995.
The NRS *484.315 defines the term "right of way" as
1. The driver of a vehicle approaching the intersection shall yield the right of way to a 
vehicle which has entered the intersection from a different highway.
2. When two vehicles enter an intersection from different highways at approximately the 
same time, the driver of the vehicle on the left shall yield the right of way to the vehicle on 
the right.
3. When a vehicle enters an intersection controlled by a traffic - control signal which is 
installed and has its vehicular signals uncovered, but is inoperative at the time the vehicle 
enters the intersection, the driver of the vehicle shall proceed as if a stop sign had been 
erected at each entrance to the intersection and shall stop at a clearly marked stop line or, 
if there is none, before entering the crosswalk on the nearest the intersection where the 
driver has a view of approaching traffic on the through highway. After making such a stop, 
the driver shall proceed cautiously, yielding to vehicles which have previously completed a 
stop or are within the intersection.
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The NRS *484.317 defines the "vehicle turning left" as
The driver of a vehicle within an intersection intending to turn to the left shall yield the right 
of way to any vehicle approaching from the opposite direction which is within the 
intersection or so close thereto as to constitute an immediate hazard, but such driver, having 
so to yielded and having given a signal when and as required, may make such left turn and 
the drivers of all other vehicles approaching the intersection fi'om the opposite direction shall 
yield the right of way to the vehicle making the left turn.
The NRS *484.325 defines "pedestrians' rights and duties" as
1. When oflBcial traffic - control devices are not in place or not in operation the driver of a 
vehicle shall yield the right of way, slowing down or stopping if need be so to yield, to a 
pedestrian crossing the highway within a crosswalk when the pedestrian is upon the half of 
the highway upon which the vehicle is traveling, or when the pedestrian is approaching so 
closely from the opposite half o f the highway as to be in danger.
2. A pedestrian shall not suddenly leave a curb or other place of safety and walk or run into 
the path of a vehicle which is so close that it is impossible for the driver to yield.
3. Whenever a vehicle is stopped at a marked crosswalk or at an unmarked crosswalk at an 
intersection, the driver of any other vehicle approaching from the rear shall not overtake and 
pass the stopped vehicle until the driver has determined that the vehicle being overtaken was 
not stopped for the purpose of permitting a pedestrian to cross the highway.
4. Whenever the signals exhibiting the words like "Walk" or "Don't Walk" are in place, such 
signals indicates as follows:
(a) While the "Walk" indication is illuminated, pedestrians facing the signal may 
proceed across the highway in the direction of the signal and must be given the right of way 
by the drivers of all vehicles.
(b) While the "Don't Walk" indication is illuminated, either steady or flashing, a 
pedestrian shall not start to cross the highway in the direction o f the signal and must be 
given the right of way by the drivers of all vehicles.
(c) When the word "Wait" still appears in a signal, the indication has the same 
meaning as assigned in this section to the "Don't Walk" indication.
(d) Whenever a signal system provides a signal phase for the stopping of all vehicular 
traffic and the exclusive movement of pedestrians, and "Walk" and "Don't Walk" indications 
control pedestrian movement, pedestrians may cross in any direction between comers of the 
intersection offering the shortest route within the boundaries of the intersection when the 
"Walk" indication is exhibited, and when signals and other official traffic - control devices
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direct pedestrian movement in the manner provided in this section an in NRS *484.283.
The NRS *484.327 defines "crossing other than at crosswalk" as
1. Every pedestrian crossing a highway at any point other than within a marked crosswalk 
or within an unmarked crosswalk at an intersection shall yield the right of way to all vehicles 
upon the highway.
2. Any pedestrian crossing a highway at a point where a pedestrian tunnel or overhead 
pedestrian crossing has been provided shall yield the right o f way to all vehicles upon the 
highway.
3. Between adjacent intersections at which official traffic - control devices are in operation 
pedestrians shall not cross at any place except in a marked crosswalk.
4. A pedestrian shall not cross an intersection diagonally unless authorized by official traffic 
- control devices.
5. When authorized to cross diagonally, pedestrians shall cross only in accordance with the 
official traffic - control devices pertaining to such crossing movements.
In the past, integration of enforcement, educational and engineering countermeasures has 
proven to be successful in combating traffic safety problems [19]. The major steps that are 
involved in the enforcement program are the identification o f violators, their apprehension, 
atid their adjudication. The traffic officer has the discretion to either merely stop violators 
and give them a lecture, write a warning that will become part of the motorists’ record, or 
finally bring the violators to court [10]. The cooperation of motorists as well as pedestrians 
is required for effective implementation of enforcement. As an example, it can be said that 
pedestrians agree when motorists are ticketed for not yielding to them and exceeding the 
speed limit, but on the contrary are resistant when they are apprehended for jaywalking and 
darting out against the red signal. Also safety information is required to be imparted to 
violators when tickets are issued. It is believed that some of the above measures, if adopted.
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would help reduce unnecessary motorist and pedestrian behavior at the intersections.
2.5 Pedestrian Crash Investigation Studies
The study by Michael D. Keall [18] was aimed at estimating pedestrian risk of road accident 
injury in New Zealand. Exposure measures were used to determine pedestrian injury risks 
by combining field survey data and road accident data. The study reported that children 
between ages five and nine were most at risk, followed by teenagers between ages fifteen 
and nineteen. Males had a higher probability of being injured in a crash than females. The 
elderly had a greater risk of being injured when compared to others, because of their lower 
walking speeds and increased exposure to traffic while crossing. Moreover the study 
reported that the risk o f a pedestrian crash was lowest at a marked crosswalk (Zebra 
crossing), but increased 50 yards from the crossing.
The Florida Pedestrian Safety Task Force conducted a study in the Florida [8] in 
response to the alarming number of pedestrian deaths and injuries. For the 1980's decade, 
Florida was supposed to have had the highest number o f pedestrian deaths and injuries. 
Pedestrian deaths accounted for more than 50 percent of all traffic deaths, although fewer 
pedestrian trips were made than other major cities. It was felt that complex intersection 
crossings forced pedestrians to cross midblock . Since the driver’s attention is focussed to 
his left side while making a RTOR (Right-Tum-On-Red), pedestrians crossing from the 
driver’s right were more in danger of being hit. Also alcohol was reported as a cause for 
38.5 percent of all pedestrian fatalities.
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Pedestrian crash mitigation measures include the construction of medians and refuge 
islands [8]. Bus stops locations should be on the far side of the intersection so that the 
drivers have a good view of the alighting passengers. Pedestrian signals should be provided 
on streets which are greater than 60 feet, to aid the elderly and other sight impaired 
pedestrians. Roundabouts were seen as conflict eliminators, since pedestrians need to cope 
with traffic from one direction only. Education and training courses were recognized as 
important measures to teach road sharing courtesy to pedestrians and drivers. Literature 
revealed that law enforcement to improve performance and safety of pedestrians is 
recommended, however provision o f public information was seen as a useful aid to 
enforcement.
Another study by Malenfant et. al. [21], Canada reported the use of public posting, 
prompting and police enforcement procedures to increase driver yielding to pedestrians and 
improve pedestrian behavior (extending their arm before crossing). On the selected streets 
for study, sign boards conveying safety techniques for road crossing were provided along 
with a week by week comparative record of the motorists yielding to pedestrians during the 
base line period (pre-enforcement period). Data were collected on two main streets, for 
motorists yielding to pedestrians and pedestrians extending their arm before crossing. 
Drivers yielding to pedestrians increased from 33 percent to 62 percent during the base line 
period and further to 82 percent during the enforcement period. However there was a 
decrease in the percent of drivers’ yielding, after the enforcement period. Pedestrian 
behavior showed signs of improvement with an increase in the percent of pedestrians
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signaling from 5 percent to 47 percent during the enforcement period. The crosswalks in 
the streets examined in this study were not controlled by traffic lights. Moreover before the 
study commenced, additional traffic lights were erected to improve night visibility.
Harrell [15] in his research conducted in Alberta, Canada, examined the number of 
pedestrians who exercised caution before crossing streets. These included the subjects who 
checked for oncoming traffic and the distance from the curb, where the subjects stood. 
Observation periods were for 30 minute intervals each. Vehicle counts were taken during 
the first and the last 10 minute segments, and the middle 10 minutes was used for recording 
pedestrian behavior. Later these counts were averaged to arrive at estimates for the half- 
hour period. A multiple ANOVA (Analysis of Variance) was performed. Two factor 
variables, road condition (icy vs dry) and pedestrian’s gender, and six covariates, traffic 
volume, pedestrian volume, time of observation, outside temperature, pedestrian’s age, and 
width of roadway, were investigated. The significant variables from the test include age of 
pedestrians, traffic volume (inverse relationship to cautiousness), outside warmer 
temperatures, and pedestrian volume (inverse relationship to cautiousness). It was reported 
that the presence of a large number of pedestrians on the opposite side of the street reduced 
cautiousness. Icy roads evoked more caution than dry roads. The crosswalks observed in 
this study were controlled by traffic signals
2.6 Countermeasure Programs
Countermeasures are attempts to increase road user safety through the effects of education.
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propaganda, legislation and changes in the road environment [2], It has been reported that 
most pedestrians perform the act of crossing based on the information received in 
countermeasure programs. Education is one of the important countermeasures for changing 
the behavior and attitudes of people in a positive manner. The media can be a very useful 
tool in this regard.
The Nevada Department of Motor Vehicles and Public Safety, Office of Traffic 
Safety (GTS), launched a new pedestrian safety campaign. Pedestrian Safety is a Two-Way 
Street, in Southern Nevada in February 1996. Public education campaigns were aimed at 
both the motorists and the pedestrians. Issues to increase the awareness about the legal, as 
well as common sense, rules of sharing the road, were discussed. Some of the solutions to 
mitigate pedestrian crashes included expanded law enforcement efforts and the development 
of appropriate engineering solutions.
Traffic safety officials felt that wide arterial streets, faint pavement markings, and 
high vehicle speeds at curves, affected pedestrians. The mitigation measures suggested 
include construction o f designated crosswalk areas for pedestrians, channelization to 
separate conflicts, refuge islands and medians. The design of traffic signals to suit 
pedestrians was also recommended. Plans to improve awareness of the existing facilities 
include safety education programs and information on bus kiosks.
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CHAPTER 3 
METHODOLOGY
3.1 Implementation of Law Enforcement Program
As stated earlier, the Nevada Department o f Motor Vehicles and Public safety. Office of 
Traffic Safety (OTS) initiated a program to highlight pedestrian safety. Law enforcement 
and education formed the basis of checking unwanted pedestrian and motorist behavior at 
signalized intersections in Las Vegas. The Las Vegas Metropolitan Department (Metro) 
implemented the enforcement program. Evaluation of effectiveness was entrusted to the 
Transportation Research Center (TRC), UNLV, who met officials from the Metro Police 
Department and Office of Traffic Safety to select intersections and develop a time line for 
the project.
Preliminary studies were conducted of the four treatment and four control 
intersections at different times of the day. Initial observations were recorded at three time 
periods, each spanning two hours. The intersections were observed from 7:00 AM to 9:00 
AM, 11:00 AM to 1:00 PM, and again from 3:30 PM to 5:30 PM, to obtain estimates of 
pedestrian volumes, vehicle counts and conflicts between vehicles and pedestrians.
The enforcement was carried out between April and May, 1996. A team of four 
officers were assigned to the program. The enforcement occurred between 10:00 AM and
24
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8:00 PM, and the entire operation spanned about 48 days and consisted of 24 enforcement 
operations. Operations were conducted at different times of the day and on different days 
of the week such that no intersection was covered twice on the same day at the same time. 
The enforcement program consisted of identifying violators, and imparting safety advice.
This study was conducted to determine the impact of the law enforcement program 
on driver and pedestrian behavior by means of observing and examining pedestrians and 
motorists at selected signalized intersections before, during and after the Metro enforcement 
program. Data were collected for all the three phases of the program at the signalized 
intersections. A treatment intersection was one for which the Metro enforcement program 
was carried out, while a control intersection was one used for comparison purposes, and 
for which no enforcement was undertaken. A time of the day when most of the pedestrian 
and vehicle activity occurred was chosen for data collection. Motorist and pedestrian 
behaviors were video taped, and statistical analyses of the data were performed to determine 
if the program had a positive impact.
3.2 Intersection Selection
A number of candidate sites were identified, upon consultation with the Metro. A field 
survey was undertaken to examine the sites. Subsequently the sites were narrowed down 
to eight. The eight sites represented four treatment intersections for the enforcement 
program and four control intersections. The following are the intersections selected for this 
study :
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Table 3.1 Selected Intersections
Treatment Sites Control Sites
Flamingo Road and Maryland Parkway Twain and Maryland Parkway
Las Vegas Boulevard and Fremont Street Koval Lane and Flamingo Road
Las Vegas Boulevard and Charleston Stewart Avenue and Fourth Street
Las Vegas Boulevard and Sahara Avenue Bridger and Third Street
The intersections o f Koval and Flamingo, and Twain and Maryland Parkway were 
substituted for the originally selected intersections ofTropicana and Maryland Parkway, and 
Eastern and Bonanza respectively. The intersection ofTropicana and Maryland Parkway 
was undergoing road construction during the initial phase o f the program, and the striped 
pedestrian crosswalks were disrupted. At the intersection of Eastern and Bonanza, after 
several minutes of taping, several drunkards began to harass the taping crew, who decided 
to leave before completing the taping. It was concluded that taping was not safe at this 
intersection, and it was eliminated from the study.
3.3 Citations Issued
A total o f 1548 citations were issued to the motorists and pedestrians during the entire 
program. Of these, motorists received 243 citations for running red lights, and 103 for 
failing to yield to pedestrians. Although more motorists were ticketed for running red lights, 
failure to yield the right-of-way to pedestrians was the most common violation observed.
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Pedestrians were issued 789 citations and given 899 verbal warnings. It was reported that 
12 percent of the red-light violators also failed to yield to pedestrians. However considerably 
higher numbers of pedestrian violators were reported than vehicle violations involving 
failure to yield to pedestrians (the ratio was about 12 to 1). The police issued more tickets 
to pedestrians than motorists for failure to yield, which was not the initial goal of the 
program.
3.4 Field Observations
The observations were divided into three phases: before enforcement (phase 1), during 
enforcement (phase 2), and after enforcement (phase 3) observations. Observations were 
made during the following time periods:
Phase 1 Before Enforcement February - March
Phase 2 During Enforcement April - May
Phase 3 After Enforcement July
Prior to phase 1 observations, the sites were visited to identify vantage points for 
videotaping of intersections. Owners of selected buildings were contacted to request 
permission to use the roof top for taping. In most cases, permission was granted, except 
for one case in which permission was denied because of liability issues.
Video recording was conducted for a two-hour period. For Phase 1, the tapings of 
the intersections were done during the morning and afternoon peaks. However, it was 
discovered that the volumes of pedestrians and vehicles were much higher during the
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afternoon peaks, thus the potential for pedestrian-vehicle conflicts was much higher during 
this period. For this reason, it was decided to collect data and take field observations only 
during the afternoon peak periods. A summary of the treatment and control intersections 
along with the approaches is presented in Table 3.2 and Table 3.3. The field o f view of the 
camera, and the restrictions on the availability of the sites from which taping could be 
conducted limited the number of approaches which could be observed at each intersection. 
A minimum of two approaches were observed at most intersections, except at Fremont and 
Las Vegas Boulevard, and Bridger and Third Street, where three and four approaches could 
be observed, respectively. This was because it was possible to mount the video camera in 
a higher vantage position safely.
Five-minute intervals were used when taking related measurements out in the field.
Table 3.2 Summary of Intersections and Crosswalks - Treatment Intersections
Type Intersection Crosswalk
Treatment Intersections Flamingo and Maryland Parkway
Sahara and Las Vegas Boulevard
Charleston and Las Vegas Boulevard
Fremont and Las Vegas Boulevard
North
East
South
East
North
West
North
South
East
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Table 3.3 Summary of Intersections and Crosswalks - Control Intersections
Type Intersection Crosswalk
Control Intersections Bridger and Third Street
Stewart Avenue and Fourth Street
Maryland Parkway and Twain 
Avenue
Flamingo Road and Koval Lane
North
South
East
West
North
west
North
West
North
West
3.5 Definition of Conflicts
There are three types of conflicts that are most commonly observed at intersections. These 
are the Left-tiiniing conflicts, the Right - turning conflicts and the Straight - through 
conflicts, as illustrated in Figure 3.1. The left turning conflict occurs when the pedestrians 
crossing on an approach of the crosswalk, are confronted by opposing left - turning vehicles. 
Likewise the right - turning and the straight -through conflicts result when the pedestrians 
are opposed by vehicles making a right - turn or going straight. For protected left - turn 
signals pedestrian movement is not allowed, eliminating the left - turning conflicts. 
However in case of permissive left - turn movements, the situation is different. Here the 
driver making a left turn has to watch out for the pedestrians, who have the right - of - way
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and also opposing through vehicles. The driver is therefore tempted to accept smaller gaps 
in opposing traffic, resulting in higher turning speeds and increased conflicts. Also conflicts 
result when vehicles are making a right - turn - on - red. Here the vehicles that are making 
the right turn are in the path of pedestrians who have the right - of - way. The straight - 
through conflict is possible when the pedestrian darts out into the intersection and is directly 
in the path of the vehicle going straight.
For the purpose of this study officials from Metro were consulted for the actual 
definition of the conflicts. Accordingly it was determined that motorists must yield to 
pedestrians in a crosswalk. All intersections are assumed as crosswalks whether marked or 
unmarked. When a motorist is turning right or left on a green light, and a pedestrian is 
already on the crosswalk, the car must wait until the pedestrian is safely across the half of 
the street that the car is turning into, and then may complete the turn. If this rule was not 
adhered to it was recognized as a conflict, and the driver is assumed to have violated the 
law. In case the pedestrian stops and gestures to the motorist then the motorist can 
proceed.
On the other hand, the flashing signal (like the yellow traffic light), alerts pedestrians 
not to begin to cross an intersection. If the pedestrians started to cross when the light was 
flashing it was considered a violation. However if the pedestrian is already in the intersection 
when the signal starts to flash, he or she should continue walking.
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Figure 3.1 Types of Conflicts
C=B-
—I Left-Turning Conflict
g2] Right-Tuming Conflict
□3— •
-fl" I Straight-Through Conflict
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3.6 Data Extraction
Data related to pedestrian movements, vehicular movements and conflicts were collected. 
Two crew members were present on the field at the sites. While one crew member was 
handling the video camera, the other crew member recorded observations related to cycle 
times, on the approaches that were restricted by the view of the camera. The exact number 
of pedestrians using the crosswalks during the three cycle periods of pedestrian green time, 
flashing red and the steady red had to be known. Thus the person with the video camera 
called the onset of each of those periods during the two hour observation period during 
field observation. This was helpful when the data were extracted from the video tapes. The 
following provides a description of the data extracted.
a) Pedestrian Movements : Pedestrian movements per traffic signal cycle were recorded in 
the field only for the approaches being taped. These data were later extracted from the tape 
by five-minute intervals. Also actions which were considered pedestrian violations were 
recovered from the tape. These included :
i) Pedestrians crossing against signal
ii) Pedestrians crossing outside crosswalk with the signal
iii) Pedestrians crossing against the signal and outside the crosswalk
b) Vehicle Movements : The total volumes o f vehicles that fed into the approach were 
extracted from the tape. For example, for an approach located on the north of the 
intersection, the movements considered were eastbound left turning traffic. Westbound right 
turning traffic, and the northbound through traffic. The following data on vehicle violations
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were extracted from the tape :
i) Vehicles not yielding to a pedestrian when the pedestrian has right-of-way
c) Conflicts : The earlier section dealt with a detailed description of conflicts. For this study 
three types of pedestrian-vehicle conflicts were extracted from the tape:
i) Left-tum conflicts
ii) Right-tum conflicts and
iii) Straight-through conflicts
Literature review indicated that most studies measure pedestrian safety on the basis of 
“occurrences (conflicts) per unit of exposure”. Typically for conflicts, the unit of exposure 
is calculated as the product of the number of pedestrians using the crosswalk times the 
number of vehicles on potential conflict trajectories (left, right and through movements 
across a crosswalk). This term forms the denominator. The numerator consists of conflicts. 
Pedestrian violations are expressed in terms of violations per 100 pedestrians, while vehicle 
violations are expressed in terms of violations per 100 vehicles.
The effectiveness of the Metro Enforcement program was examined by determining 
whether a reduction in pedestrian and vehicle violations, and a reduction in pedestrian- 
vehicle conflicts occurred during the enforcement program.
3.7 Data Highlights
Field data was collected for a two-hour duration period using video cameras. The following 
tables summarize the data collected for the entire study
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Table 3.4 Vehicle Volume Data - Control Intersections
Control Intersections Cross-
Walk
Before
Enforcement
During
Enforcement
After
Enforcement
Total L&R Total L&R Total L&R
Bridger & Third St. E-W(N) 421 265 359 236 389 221
E-W(S) 501 300 415 224 389 211
N-S(E) 718 206 711 212 633 189
N-S(W) 554 155 481 140 467 136
Koval & Flamingo E-W(N) 2048 1075 1820 885 2178 829
N-S(W) 3715 702 3755 836 3432 604
Stewart & Fourth St. E-W(N) 1555 473 1507 436 1404 401
N-S(W) 808 119 781 113 744 91
Twain & Maryland E-W(N) 3487 1120 3495 1070 3279 993
N-S(W) 1406 999 1339 934 1307 921
Table 3.5 Vehicle Volume Data - Treatment Intersections
Treatment
Intersections
Cross-
Walk
Before
Enforcement
During
Enforcement
After
Enforcement
Total L&R Total L&R Total L&R
Charleston & LV Blvd. E-W(N) 2039 359 1904 338 2040 383
N-S(W) 2845 565 2717 564 2759 537
Maryland & Flamingo E-W(N) 3105 1563 3242 1528 2701 1365
N-S(E) 5234 1295 5312 1298 4712 1152
Sahara & LV Blvd. E-W(N) 1748 237 1841 239 1999 274
N-S(W) 5366 923 5369 1242 5377 1212
Fremont & LV Blvd. E-W(N) 2942 236 2942 236 2602 229
E-W(S) 2263 283 1868 249 2386 264
N-S(E) 412 412 383 383 334 334
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Table 3.6 Pedestrian Volume data - Control Intersections
Control Intersections Cross­
walk
Before
Enforcement
During
Enforcement
After
Enforcement
Bridger & Third St. E-W(N) 245 215 181
E-W(S) 508 211 173
N-S(E) 890 462 386
N-S(W) 432 385 407
Koval & Flamingo E-W(N) 169 133 90
N-S(W) 130 130 94
Stewart & Fourth St. E-W(N) 462 460 369
N-S(W) 117 103 83
Twain & Maryland E-W(N) 358 108 76
N-S(W) 168 86 74
Table 3.7 Pedestrian Volume Data - Treatment Intersections
Treatment
Intersections
Cross­
walk
Before
Enforcement
During
Enforcement
After
Enforcement
Charleston & LV Blvd. E-W(N) 156 103 52
N-S(W) 194 124 98
Maryland & Flamingo E-W(N) 170 103 106
N-S(E) 155 155 136
Sahara & LV Blvd. E-W(N) 149 196 153
N-S(W) 467 519 524
Fremont & LV Blvd. E-W(N) 1401 1101 953
E-W(S) 601 584 714
N-S(E) 279 261 263
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One interesting feature observed from the above tables for pedestrian volume is that there 
is a decrease in the volume from phase 1 to phase 3. One reason for this could be the 
increasing temperatures from February (when the phase 1 observations were recorded) to 
mid July (during the period of observations of phase 3) which led to the reduction in number 
of pedestrians.
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CHAPTER 4
EFFECTIVENESS OF ENFORCEMENT PROGRAM
4.1 Nonparametric Statistics
Nonparametric statistics is a collective term given to the methods of hypothesis testing and 
estimation that are valid under less restrictive assumptions than classical techniques [11]. 
The ANOVA (Analysis o f Variance) tests require that the samples are drawn from normal 
distributions having equal variances, whereas the nonparametric tests require only the 
assumptions that samples come from any identical continuous distributions. In some cases 
the confidence intervals and tests of hypotheses that are based on the “t” or the “z” 
distributions are unsuitable for certain types of data. For example, when making inferences 
about a population mean using small samples, the random variable being measured is 
assumed to have a normal probability distribution [22]. In reality the distribution may be 
non-normal and skewed to the right or the left. For such data where normality is violated 
and classical statistics are inappropriate, nonparametric statistics are applied.
As the nonparametric tests do not depend on any distribution of a sampled 
population, they are also known as distribution-free tests. Also, literature revealed that if 
the data could be ranked in order o f magnitude, the “t” distribution is inappropriate to be 
used. Also, classical statistical methods are valid for data measured on an interval scale.
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while nonparametric statistics could be applied to frequency or count data [11]. It is stated 
that nonparametric methods can be used whenever classical methods are valid, but the 
converse is not true.
Some nonparametric methods use relative ranks of the sample distributions rather 
than actual numerical values. Statistics based on the ranks of measurements are called rank 
statistics. In this study, the Wilcoxon Signed Rank test - Matched pairs was used as the 
nonparametric te s t .
4.2 Computation of Overall Rates
The data recorded at five minute intervals for individual approaches were aggregated to 
two-hour time periods for the purposes of statistical analysis. Thus, one data point was 
developed per two-hour observation period for an approach. For the nine approaches at the 
treatment intersections, there were nine sample points of data, and there were ten sample 
points of data for the ten approaches at control intersections. These sample points were used 
for statistical analysis to evaluate the effectiveness of the enforcement program. The analysis 
involved a statistical comparison of the observations made before the enforcement phase to 
the observations made during and after the enforcement phase. If the statistical analysis 
indicated that the observations were significantly different, then it could be concluded that 
the enforcement program may have had an impact on pedestrian and motorist behaviors.
Analysis proceeded in two steps. First, the overall rates of pedestrian and vehicle 
violations and conflicts were estimated for each phase for all the treatment intersections
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combined, and all the control intersections combined. Total pedestrian violations, vehicle 
violations and conflicts were summed during each phase, and divided by the respective 
values of total pedestrians, left and right turning vehicles and total units o f exposure
The sum of left and right turning vehicles feeding into the approach were used for 
vehicle violations because these were the only cases in which a motorist could not yield 
right-of-way to the pedestrian. The pedestrian signal shows “steady-red” at the onset of the 
vehicular green for the straight-through vehicles feeding into the approach. If a pedestrian 
is found in the crosswalk during that time it would be a pedestrian violation and not a 
vehicle violation. However the left, right and the through vehicle volume (all traffic which 
passes over crosswalk) was used for computing the exposure measure for conflicts.
Second, statistical tests were performed to determine if the changes were significant, 
or unlikely to occur due to uncontrollable error or randomness in the data. The statistical 
analyses were performed on the nine data points representing treatment approaches, and the 
ten data points representing control approaches. The overall rates are presented in Tables
4.1 and 4.2.
Table 4.1 Overall Rates - Treatm ent Intersections
Rate i Before
Enforcement
During
Enforcement
After
Enforcement
Pedestrian Violations 
per 100 pedestrians
24.89 18.28 30.64
Vehicle Violations 
per 100 vehicles
2.76 2.09 2.57
Conflicts per one 
million exposures
27.05 32.26 28.52
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For treatment intersections, the overall rate of pedestrian and vehicle violations dropped 
during the enforcement phase. However, the rate of conflicts increased. During the after 
enforcement phase, the overall rate of pedestrian violations increased to a level higher than 
the before enforcement phase, the rate of vehicle violations increased to a level slightly 
below the before enforcement phase, and the rate of conflicts decreased to a level close to 
the before enforcement phase.
The overall rates for the control intersections are presented in Table 4.2 
Table 4.2 Overall Rates - Control Intersections
Rate 1 Before
Enforcement
During
Enforcement
After
Enforcement
Pedestrian Violations 
per 100 pedestrians
45.36 30.53 35.44
Vehicle Violations 
per 100 vehicles
1.92 2.16 1.02
Conflicts per one 
million exposures
49.05 148.79 53.56
For the control intersections, the rate o f pedestrian violations decreased during the 
enforcement phase whereas the rate of vehicle violations increased slightly. The rate o f 
pedestrian conflicts increased substantially during the enforcement phase. During the after 
enforcement, the rate o f pedestrian violations increased, but remained below the before 
enforcement levels. The rate of vehicle violations continued to drop. The rate of conflicts 
dropped well below the level during enforcement, but remained above the level before 
enforcement. It is noted that the rates of pedestrian violations and conflicts were higher for
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the control intersections than the treatment intersections, whereas the rates o f vehicle 
violations tended to be more similar between the treatment and control intersections.
4.3 Wilcoxon Signed Rank Test - Matched Pairs
The next step was to conduct statistical tests to ascertain whether the changes suggested by 
the overall rates were significant. The cumulative frequency distributions of pedestrian 
violations, vehicle violations and conflicts were evaluated for all phases, and are presented 
in Figures 4.1 to 4.3, respectively. The graphs show that the distributions generally skewed 
to the right for both treatment and control intersections. The existence of the skewing ruled 
out the use of statistical tests based on the normal distribution and necessitated use of 
nonparametric tests which assume no particular underlying distribution.
The Wilcoxon Signed Rank test - Matched pairs was used to test the hypothesis that 
the frequency distributions (e.g. before enforcement and during enforcement) were identical 
against the alternative hypothesis that one distribution was shifted to the right or left of the 
other. It should be noted that this test does not utilize the overall rates as shown in Tables
4.1 and 4.2, but instead uses the rank order of the differences between pairs of observations. 
Thus, large differences in overall rates do not necessarily result in significant differences 
using this nonparametric test. The test involves calculating the difference between data 
points within two matched pairs (Phase 1 vs. Phase 2, and Phase 1 vs. Phase 3), ranking the 
absolute values of the differences, calculating the rank sum, and comparing the sum with a 
criterion (critical) value representing the desired level of significance. In the context of the 
study, a negative difference between two observations indicated a shift to the right or an
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Figure 4.1 Cumulative Frequency Distribution - Conflicts 42
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Figure 4.2 Cumulative Frequency Distribution - Pedestrian Violations 43
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Figure 4.3 Cumulative Frequency Distribution - Vehicle Violations 44
a) Treatment Sites
100
90 -
80 -
S
70 -£r
5  6 0 -  
I 50 -
I
30 -
bL
12 16 18 202 6 8 10 140 4
- Phase = 1
- Phase = 2 
•Phase = 3
Violations Per 100 Vehicles
b) Control Sites
100
90 -
80 -
e
70 -i
60 -
2
I  50 -
1
2  40 -
I
bL
30 - ,
2 6 8 10 12 16 184 200 14
• Phase = 1 
- Phase = 2
• Phase = 3
Violations Per 100 Vehicles
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
increase in the behavior (e.g. an increase in pedestrian violations per 100 pedestrians), while 
a positive difference indicated a shift to the left or decrease in the observed behavior.
The statistical hypothesis was as follows:
Ho : The frequency distributions of Phase I and Phase 2 (or Phase 1 and Phase
3) observations are identical - that is, the enforcement program had no effect 
on pedestrian (and/or motorist) behaviors.
The alternative hypothesis was:
Hj : The frequency distributions of Phase 2 (or Phase 3) observations are shifted
to the left of Phase 1 observations - that is, the enforcement program has 
resulted in a decrease in pedestrian (and/or motorist) behaviors.
A five percent level of significance was used. Results of the analysis are summarized in 
Tables 4.3 and 4.4 for treatment and control intersections, respectively. The T ^  in Column 
2 represents the sum of the positive or negative difference (whichever is less) in the 
Wilcoxon test. These values are compared with Tq in Column 3 which represents the 
Wilcoxon critical value. A T ^  greater than or equal to the critical Tq would support the 
null hypothesis and lead to a rejection of the alternative hypothesis. A T ^  less than the 
critical Tq would lead to a rejection of the null hypothesis and acceptance of the alternative 
hypothesis.
a) Treatment Intersections : For treatment intersections, results o f the analysis indicate that 
during the enforcement phase, there was a significant decrease in pedestrian violations. 
Neither the rates of the vehicle violations nor conflicts were significantly different when 
comparing the before enforcement (Phase 1 ) period behavior to the enforcement (Phase 2)
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period and after enforcement (Phase 3) period behavior. It could be concluded from 
statistical analysis that the law enforcement program may have had no statistically significant 
long-term impact on pedestrian or motor vehicle operator behavior or conflicts. The rate 
of conflicts is better measure of crash potential than either pedestrian violations or motorist 
violations.
b) Control Intersections ; For control intersections, the only measure to show any statistical 
significance was the increase in the rate of conflicts when comparing the before enforcement 
phase (Phase I) to the enforcement phase (Phase 2). It is not known why a significant 
increase occurred. None of the other differences in measures were statistically significant 
when comparing the before enforcement phase (Phase 1 ) to the during enforcement phase 
(Phase 2) and the after enforcement phase (Phase 3).
Table 4.3 Wilcoxon Signed Ranks Test - Treatment Intersections
Item Phase I Vs Phase 2 Phase 1 Vs Phase 3
Tmin To Decision Tmm To Decision
Pedestrian
Violations
T. = 3 8 Reject
Null
T_=19 8 Accept
Null
Vehicle
Violations
T .=  18 8 Accept
Null
T .= 15 8 Accept
Null
Conflicts T .=  15 8 Accept
Null
T. = 20 8 Accept
Null
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Table 4.4 Wilcoxon Signed Ranks Test - Control Intersections
Item Phase 1 Vs Phase 2 Phase 1 Vs Phase 3
T . ̂mm To Decision Tmin To Decision
Pedestrian
Violations
T .=  17 11 Accept
Null
T .=  19 11 Accept
Null
Vehicle
Violations
T_ = 22 11 Accept
Null
T .=  14 11 Accept
Null
Conflicts T. = 0 11 Reject
Null
T_ = 25 11 Accept
Null
4.4 Summary of Analysis
The enforcement program appeared to have had a short-run beneficial impact at the 
treatment intersections with respect to pedestrian violations, but did not lead to a significant 
reduction in conflicts.
In interpreting the findings thus far, the following points should be considered ;
1 ) The length of the enforcement program, the number of intersections at which it was 
carried out, and the marmer in which it was carried out would influence the behavior of the 
motorists and pedestrians. The enforcement program was rotated among different times of 
day and days o f week, never repeating the same time on the same day at the same 
intersection. Thus, some of the pedestrians using a particular intersection may have been 
exposed to the enforcement program only once. Perhaps the enforcement program was not 
carried out long enough to have any significant effect on pedestrian behaviors.
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2) Education also is an important component. The extent to which pedestrians and motorists 
were made aware of the enforcement program through PSA’s and media coverage is 
unknown.
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CHAPTERS 
EXAMINATION OF RELATIONSHIPS BETWEEN INTERSECTION 
CHARACTERISTICS AND DRIVER AND PEDESTRIAN BEHAVIOR
S.l Linear Regression Analysis
The previous chapter described the statistical analyses that were performed on the data to 
determine the effectiveness of the enforcement program. These analyses, however, revealed 
variations in pedestrian violations, vehicle violations, conflicts and also their respective rates 
from crosswalk to crosswalk. Regression analysis was undertaken to determine what might 
have caused the variation.
Regression analysis is a statistical technique for investigating and modeling the 
relationship among variables [23]. A relationship is hypothesized between a dependent 
variable (y) and the set o f one or more explanatory independent variables ( x,, x ,
Xj, Xn) The linear regression analysis expresses the expected value o f the dependent
variable y for given values o f x„ x,, Xj, x  ̂as a linear function of a set o f unknown
parameters [22]. One of the assumptions made in the linear regression analysis is that the
expected value of y for given values of x,, x,, Xj, x̂  graphs as a straight line and
the points deviate about the line o f expected values by a random amount (Ç) [22].
49
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For a single independent variable case the equation can be given as:
y = Po + PiX + ̂
Where /?„ -  /?; x represents the expected value of y for a given value of x and f  
represents the random error.
5.2 Identification of the Dependent and Independent Variables
The first step was the identification of dependent variables for the regression analyses. 
These included:
a) Pedestrian violations
b) Vehicle violations
c) Conflicts
d) Pedestrian Violation Rates
e) Vehicle violation Rates
f) Conflict Rates
a), b) and c) represented the actual raw number o f violators and persons involved in 
conflicts while d), e) and f) represented the rates. The “rate” is a percentage measure. 
Depending on the independent variables being examined, it can serve as a better measure 
of variation than the raw numbers of violators and conflicts.
The next step was the identification of independent variables for the regression 
analyses. Table 5.1 lists the dependent and independent variables that were used. In the table 
cells with B’s indicate the hypothesized independent variables, and the sign indicates the
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direction of effect. The following were the independent variables which were seen as being 
possible causal factors for the variation in the dependent variables :
a) Dependent Variable: PEDESTRIAN VIOLATIONS 
Independent Variable:
1) Pedestrian Volume: The number o f pedestrians using the crosswalk in both the 
directions obtained through counts, for the two-hour observation period. As the number 
of pedestrians increase it was hypothesized that there would be an increase in the pedestrian 
violations also.
b) Dependent Variable: VEHICLE VIOLATIONS 
Independent Variable:
2) Vehicle Volume: The number of vehicles passing through the crosswalk obtained 
through counts for the two-hour observation period. This independent variable is 
hypothesized to influence vehicle violations. It is likely that the vehicle violations would 
increase with increasing vehicle volumes .
c) Dependent Variable: CONFLICTS 
Independent Variable:
1 ) Pedestrian Volume: As explained previously it is the count of the number of pedestrians 
using the crosswalk for the two hour observation period. With increasing pedestrian 
volumes it is likely that conflicts might increase.
2) Vehicle Volume: As explained before it is the count of the number of vehicles passing 
through the crosswalk for the two hour observation period. It is speculated that conflicts
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are dependent directly on vehicle volumes because with an increase in vehicle volume, 
conflicts may be more likely to occur.
3) Vehicle Violations: This variable serves as both a dependent and an independent 
variable. The number of motorists who failed to yield the right-of-way to pedestrians were 
defined as violators. This variable could help to explain any variations in conflicts. It is 
hypothesized that as vehicle violations increase, the number of conflicts increase and hence 
there is a direct relationship between the two.
4) Pedestrian Violations: This variable again serves as both a dependent and an 
independent variable. The pedestrian violations comprised those pedestrians who were 
crossing “against signal outside crosswalk (asig out, case I)”, “against signal within 
crosswalk (asigjn, case 2)” and “with signal outside crosswalk (wsig_out, case 3)”. For 
the regression analyses these variables were tested separately and also were tested as a sum. 
The following were the combinations tested:
i) Conflicts = fh (case 1, other independent variables)
ii) Conflicts = fh (case 2, other independent variables)
iii) Conflicts = fh (case 3, other independent variables)
iv) Conflicts = fh (case 1 + case 2, other independent variables)
v) Conflicts = fh (case 1 + case 2 + case 3, other independent variables)
5) Pedestrian Volume x Total Vehicle Volume: This variable gives an indirect measure 
of exposure. An increase in this product could be related to an increase in conflicts.
d) Dependent Variable: PEDESTRIAN VIOLATION RATES
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Independent Variable(s):
1) Vehicle Volume: The definition for vehicle volume is the same used before. An inverse 
relationship between pedestrian violation rates and vehicle volume is hypothesized because 
the fewer the number o f vehicles, the less difficult it would be for pedestrians to dart out 
against the signal and or outside the crosswalk.
2) Approach Width: The width of the intersection from curb to curb, measured in feet was 
defined as “ approach width” for this study. An inverse relationship was hypothesized to 
exist between the approach width and the pedestrian violation rates. This is because with 
increasing approach width, there may be a lesser tendency for a pedestrian to cross against 
a signal because o f the longer distance that he or she needs to walk. Among crosswalks, 
approach width varied from 50.9 ft to 128.4 ft.
3) Median Present: Among the eight intersections (19 crosswalks) that were chosen for 
this study, there were 12 crosswalks which had a median present. Thus the presence of a 
median in a particular crosswalk was denoted by a value “1 " whereas the value “0" indicated 
no median. A relationship could exist between the presence of a median and pedestrian 
violation rates, because the availability of a median could entice a pedestrian to violate the 
law and cross against a signal or walk outside a crosswalk.
4) Pedestrian Green Time: This is the duration of the “walk” signal or pedestrian green 
for a particular cycle length measured in seconds. This variable could cause variations in 
pedestrian violation rates. The shorter the pedestrian green time, the more tempted a 
pedestrian might be to cross against a signal. The values of this variable ranged from 4
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seconds to 65 seconds.
5) Pedestrian Wait Time: The time from the onset o f the pedestrian “don’t walk” (steady 
red) to the next “walk” signal (pedestrian green) is the pedestrian wait time. This is 
measured in seconds. This variable could cause variations in pedestrian violation rates. It 
was hypothesized that as pedestrian wait time increases, more pedestrians will tend to cross 
against the signal. The values of this variable ranged from 25 seconds to 136 seconds.
6) Cycle Length: The total time in seconds from the onset of the “walk” (pedestrian green) 
signal to the next “walk” (pedestrian green) is termed as Cycle length. It was hypothesized 
that the longer the cycle length greater the temptation for a pedestrian to violate a signal. 
The values ranged from 60 seconds to 165 seconds.
7) Pedestrian Green : 
Cycle Length
This variable measures the percentage of a given cycle length that is pedestrian green. This 
independent variable could influence pedestrian violation rates. It was hypothesized that 
there exists an inverse relationship between the pedestrian green ratio and the pedestrian 
violation rates. The higher this value, the less the chance of a pedestrian violating a don’t 
walk signal. The values of this variable ranged from 0.03 to 0.45.
8) Approach Width : 
Pedestrian Green Time
This variable gives a measure o f the necessary pedestrian walking speed in ft/sec to
complete a crossing during the period of pedestrian green. It was hypothesized that there
could be either a direct or an indirect relationship between this variable and pedestrian
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violation rates. With increasing pedestrian green times, the slower a pedestrian could walk, 
and the less the chance of a pedestrian violating a signal. On the contrary the faster the 
pedestrian needs to walk, the higher the chance of a pedestrian violating a signal. The 
pedestrian might step off the curb prior to receiving a walk signal. The values of this variable 
ranged from 1.56 to 32.10.
9) Crosswalk Width; The width of the crosswalk measured in feet is the distance between 
the parallel crosswalk stripes. It also can be called the “shorter” width, to distinguish it from 
the approach width. This variable gives an indication of the pedestrian volume that can be 
accommodated during the period of the “walk” signal or pedestrian green. It was 
hypothesized that as pedestrian crosswalk width decreased, likelihood o f pedestrian crossing 
outside the crosswalk would increase. Crosswalk width could influence variation in 
pedestrian violation rates. The values of this variable ranged from 7.8 ft to 14.9 ft.
10) Pedestrian Volume / Crosswalk Width :
(Pedestrian Green/Cycle Length) X 120
This variable is an indication o f congestion on the crosswalk during the pedestrian green,
and is related to sidewalk level of service. It measures pedestrian volume per foot width
of crosswalk per minute. An increase in this could cause people to walk outside the
crosswalk. It was hypothesized that an increase in this variable could increase pedestrian
violation rates.
11 ) Pedestrian Volume__________________ ;
(Pedestrian Green/Cycle Length) X 120
This variable is an indication of pedestrian volume flow rate, and is related to sidewalk level
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o f service. It measures pedestrian volume per minute. An increase in this might cause 
people to walk outside the crosswalk, or cross against the light or an increase in this could 
inhibit violations. Thus this variable could influence pedestrian violation rates in a positive 
or negative direction. This is indicated by a question mark in Table 5.1.
12) Treatment Intersection During Enforcement Phase: This variable was assigned 
binary values of “ 1 " and “0". A value of one was given to treatment intersections during the 
enforcement phase; otherwise it took a value of zero. Enforcement occurred only at the 
treatment intersections. Any changes in pedestrian violation rates could be reflected by this 
variable. This variable could have an inverse relationship with pedestrian violation rates.
13) Special Generator: This variable was introduced to indicate the presence of a special 
generator such as a Subway, Sandwich shop, a busstop or some other factor that could 
influence the pedestrians to walk outside the crosswalk in order to shorten walking distance 
to the special generator. The presence of the special generator was indicated by “ 1" and “0" 
otherwise. This variable was hypothesized to directly influence pedestrian violation rates. 
Among the eight intersections (19 crosswalks) that were chosen for this study there were 
10 crosswalks which had a special generator present.
14) Vehicle Speed Limit: This variable indicates the speed limit in mph on the street 
which pedestrians cross. It was hypothesized that an increase in vehicle speeds could lead 
to a decrease in pedestrian violation rates because it would make it more difficult for 
pedestrians to cross. The values o f this variable ranged from 25 mph to 45 mph.
The additional independent variables pertaining to the intersection characteristics
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were included in regressions to forecast pedestrian violation rates as opposed to raw 
pedestrian violations because the “rates” would be more sensitive to the variables. The 
pedestrian violations were hypothesized to be mainly dependent on pedestrian volume. Since 
there was a wide range of magnitudes among the raw pedestrian volumes the effects of the 
other independent variables could be masked. Thus raw pedestrian volumes were omitted 
for analyses involving the rates,
e) Dependent Variable; VEHICLE VIOLATION RATES 
Independent Variable(s):
1 ) Pedestrian Volume: As mentioned previously this is the number o f pedestrians obtained 
through counts for the two hour observation period. Since vehicle violations were attributed 
to those motorists who did not yield right-of-way to pedestrians, it was hypothesized that 
as pedestrian volume increases vehicle violation rates would increase.
2) Cycle Length: As mentioned before this is the total time in seconds from the onset of the 
“walk” (pedestrian green) signal to the next “walk” (pedestrian green). It was hypothesized 
that the longer the cycle length, the greater the chance of a vehicle not yielding right-of-way 
to pedestrians because of driver impatience or red light running.
3) Treatm ent Intersection During Enforcement Phase: As mentioned previously this 
variable was assigned binary values of “ I" and “0". A value of one was given to treatment 
intersections during the enforcement phase; otherwise it took a value of zero. Enforcement 
occurred only at the treatment intersections. Any changes in vehicle violation rates could 
be reflected by this variable. This variable was hypothesized to have an inverse relationship
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with vehicle violation rates since it was believed that the violations would decrease during 
the enforcement program.
4) Vehicle Speed Limit; This variable indicates the speed limit in mph, on the street which 
pedestrians cross. It was hypothesized that an increase in vehicle speeds could lead to a 
increase in vehicle violation rates because of reduced driver willingness to yield to 
pedestrians and greater potential for red light running,
e) Dependent Variable: CONFLICT RATES 
Independent Variable(s):
1) Approach Width: As mentioned previously this is the width of the intersection from 
curb to curb, measured in feet. An inverse relationship was hypothesized to exist between 
the approach width and the conflict rates. This is because with increasing approach width, 
there are more lanes and a larger physical space within which conflicts can occur.
2) Median Present: As mentioned before, among the eight intersections (19 crosswalks) 
that were chosen for this study, there were 12 crosswalks which had a median present. Thus 
the presence of a median in a particular crosswalk was denoted by a value “ 1 " whereas the 
value “0" indicated no median. An inverse relationship could exist between the presence of 
a median and conflict rates, because a median offers a refuge from traffic, and conflicts.
3) Pedestrian Green Time: As mentioned previously this is the duration of the “walk” 
signal or pedestrian green for a particular cycle length measured in seconds. The shorter the 
pedestrian green time, the more tempted a pedestrian might be to cross against a signal and 
be involved in a conflict.
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4) Pedestrian Wait Time: As mentioned before this is the time from the onset o f the 
pedestrian “don’t walk” (steady red) to the next “walk” signal (pedestrian green). It was 
hypothesized that as pedestrian wait time increases, conflict rates tend to increase because 
pedestrians could become impatient and cross against the signal.
5) Cycle Length: As mentioned previously this is the total time in seconds from the onset 
of the “walk” (pedestrian green) signal to the next “walk” (pedestrian green). It was 
hypothesized that the longer the cycle length greater the chance of a pedestrian violating 
a signal and being involved in a conflict.
6) Pedestrian Green : 
Cycle Length
As mentioned before this variable computes the percentage of a given cycle length that is 
pedestrian green. It was hypothesized that there exists an inverse relationship between the 
pedestrian green ratio and conflict rates. The greater the percent o f total time a pedestrian 
has available to cross, the less the chance of a violation involving crossing against a signal 
and a conflict.
7) Approach Width : 
Pedestrian Green Time
As mentioned previously this variable gives a measure of the necessary pedestrian walking
speed in ft/sec to complete a crossing during the period of pedestrian green. It was
hypothesized that there could be either a direct or an indirect relationship between this
variable and conflict rates. With increasing pedestrian green times, and the slower a
pedestrian can walk, the less the chance of a conflict. The greater the approach width, and
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the faster the pedestrians must walk, the higher the chance of a conflict.
8) Pedestrian Volume_________________ :
(Pedestrian Green/Cycle Length) X 120
As mentioned before this variable is an indication of pedestrian volume flow rate, and is 
related to sidewalk level of service. It measures pedestrian volume per minute. This 
variable could influence conflict rates in a positive or negative direction. This is indicated 
by a question mark in Table 5.1.
9)Treatment Intersection During Enforcement Phase: As mentioned previously this 
variable was assigned binary values of “ 1" and “0". Any changes in conflict rates could be 
influenced by this variable. This variable would be expected to have an inverse relationship 
with conflict rates.
10) Special Generator: As mentioned before this variable was introduced to indicate the 
presence of a special generator such as a Subway, Sandwich shop, a busstop or some other 
factor that could influence the pedestrians to walk outside the crosswalk in order to shorten 
walking distance to the special generator. This variable was hypothesized to directly 
influence conflict rates.
11) Vehicle Speed Limit: As mentioned previously this variable indicates the speed limit 
in mph, on the street which pedestrians cross. It was hypothesized that an increase in 
vehicle speeds could lead to an increase in conflict rates.
5.3 Application of Regression Analysis
In this study the goal was not to develop predictive models, but to identify possible
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relationships among variables and determine which ones could be influencing the violations 
and conflicts. The dependent and the independent variables were previously identified. 
Forward seeking stepwise regression analysis with a level of significance of 0.05 for the 
entering of independent variables (95 percent significance) was used. The observed level 
o f significance or the “p” value is a basis for deciding whether or not to reject the null 
hypothesis. The SPSS software defines it as the probability that a statistical result as extreme 
as the one observed would occur if the null hypothesis were true. If the observed 
significance level is small enough, usually less than 0.05 or 0.01, the null hypothesis is 
rejected. Stepwise regression was used to screen out those independent variables that were 
not significant. After the significant variables were determined they were examined for 
consistency and sign (positive or negative).
In order to examine the consistency of the independent variables it was necessary to 
repeat the equations and use different data sets on each run of the regression analysis. 
Therefore four separate runs comprising data collected before, during and after the 
enforcement phase were used to check the number of times a variable appeared in a 
regression and also the consistency of the regression coefficient. The more times and the 
more similar the coefficient, the more likely the variable could have an influence.
The raw number of conflicts, pedestrian violations and vehicle violations revealed 
considerable variations among phases I, 2 and 3. For example in terms of number of 
conflicts, there was a steep rise for some o f the crosswalks in phase 2 when compared to 
phase 1. It was desired to include phase 2 (during enforcement) data to increase the size
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of the data base. As mentioned previously an independent variable “treatment intersection 
during enforcement phase” was used with binary values of zero and one for the regression 
analyses. To eliminate bias, each crosswalk was assigned randomly to phase 1 or phase 2. 
This procedure was carried out twice, and the resulting data sets were classified as tests 
random 1 and random 2. As mentioned before, forward seeking regression analysis was 
performed using SPSS soft ware on the data for:
I ) Phase 1 (Before enforcement)
2) Random 1 (Combination of before and during enforcement)
3) Random 2 (Combination of before and during enforcement)
4) Phase 3 (After Enforcement)
Tables 5.2 to 5.5, give the results of the regression analysis, and Table 5.6 gives the number 
of times each independent variable appeared in the analysis during the four different runs 
of phase 1, random 1, random 2 and Phase 3.
In the tables the first column lists the independent variables. The dependent variables 
include the pedestrian violation categories of “against signal outside crosswalk (asig out)”, 
“against signal inside crosswalk (asigjn)”, “with signal outside crosswalk (wsig out)”, 
vehicle violations, conflicts and their respective rates. The regression coefficent (B) and the 
coefficient of determination (r^) obtained from the regression analysis is also listed.
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Vio.
Veh. Vio. 
Ratesasig_out asig_in wsig_out asig_out asig_in wsig;_out
Vehicle Volume 13 -13 +13
Pedestrian Volume +1) +13 +13 +13
Approach Width -13 -13
Median Present +13 +13
Ped. (jreen Time -13 -13
Ped Wail Time +13 +13
Cycle Length +13 +13 +13
Ped. Green / Cycle Length -13 -13
Approach Width /  Ped. Green +13 +13
Vehicle Violations
Pedestrian Violations
Crosswalk Width -13 -13
PedesVoliime /  Crosswalk Width -13 -13
(Ped Green / Cyclength) x 120
Pedes Volume ? ? ?
(Ped Green / Cyclength) x 120
Treatment Intersection During linforcemeut Phase -13 -13 -13 -13
Special Generator +13 +13 +13
Vehicle Speed Limit -13 -13 +13
Pedestrian Volume X Vehicle Volume
Note :
( I ) "Ii" indicates that the variable was hyjwtliesi/.ed to have an inllnence on the dejK'iident variable 
and (lie sign indicates the expected direction ot'inllnence.
(2) The ijneslion mark indicates that the inde|x;ndenl variable could inllnence the dependent 
variable in either a positive or a negative direction
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Table 5.1 (Contd.) Independent Variables Hypothesized for each Regression equation and direction of effect
Independent V ariable
Dependent Variable
Conflicts Conflict
Rates
Vehicle Volume +B +13 +11 +13 +13
Pedestrian Volttnic +13 +13 +13 +13 +13
Approach Width +13
Median Present -13
Ped, Oreen Time -13
Ped. Wait l ime +13
Cycle Length +13
Ped, Oreen /  Cycle Length -13
Approach Width / Ped. Green +13
Vehicle Violations +13 +13 +13 +13 +15
Against Signal Outside Crosswalk +13
Against Signal Inside Crosswalk +13
With Signal Outside Crosswalk +13
Against Signal Outside and Inside X-Walk +13
Pedestrian Violations +13
Crosswalk Width
PedesVolume / Crosswalk Width
(Ped Green /  Cyclength) x 120
PedesVolume ?
(Ped Green /  Cyclength) x 120
I reattnent Intersection Dttring l-nlbrcement Phase -13
Sj'tecial Generator +13
Vehicle Speed Limit +15
Pedestrian Volutne X Vehicle Volume +13 +13 +13 +13 +13
Nolc :
( I ) "H " iiidicalcs lluit llic variable was liypollicsi/.cti (o liavc an inllMcncc on the dependent viiriable 
and the sijjn indicates the e\|)ected direction ol inniience.
(2) I he ipiestion mark indicates that the independent variable could intluence the dependent 
variable in either a positive or a negative direction
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Table 5.2 Regression analysis coefficient and matrix (PHASE # I)
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Independent V ariable
Pedestrian Violations Pedestrian Violation Rates Vehicle Vehicle
asig_out asig_in wsig_ouf asig_out asig_in WSIR_OUt Violations Vio. Rates
B r* B r* B r* B r* B B r* B r ' B r '
Vehicle Volume * 0 0.016 0.277
Pedestrian Volume * 0.074 0.665 0 0.005 0.414
Approach Width * 0
Median I’resent ( 1 = Present, 0 = Absent) $ 0
Ped. Oreen l ime (seconds) * 0
Ped. Wait l ime (seconds) * 0
Cycle I.ength (seconds) 0 0 *
Ped Green 0 0
Cycle Length
Approach Width (iVsec.) 0 0
Ped. Green
Vehicle Violations
Pedestrian Violations
Crosswalk Width 0 0 0
Pedestrian Volume /  Crosswalk Width 0 0 0
(Pedes. GreerVCyclelength) .\ 120
Pedestrian Volume 0 * *
(Pedes. Green/Cyclelength) X 120
1 reatment Intersection During lintbrcement Phase 0 0 0 *
Special Generator ( 1 = Present, 0 = Absent) 0 0 0
Vehicle Speed Limit (miles per hour) 0 0 0
Pedestrian Volume X Vehicle Volume
N(i(c :
* i iu l ia i lc s  Ilia* th e  v a r ia b le  w as  h \  po lhesi/ccJ bu t w as no t s ig n itlc a n t a t tlie  0 .0 5  level
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Table 5.2 (Contd.) Regression analysis coefficient and r^ m atrix (PHASE # I)
Independent Variable
Conflicts Conflicts
Rate
B r* B r ' B r ' B r ' B r ' B r '
Vehicle Volume * * * * *
Pedestrian Volume * * * 0 0
Approach Width 0
Median Present ( 1 = Present. 0 = Absent) 0
Ped. Oreen Time (seconds) 0
Ped. Wail Time (seconds) 0
Cycle l.ength (seconds) 0
Ped Oreen 0
Cycle Length
Annroach Width (iVsec.) 0
Ped. Oreen
Vehicle Violations 1.504 0.722 1.504 0.722 1.504 0.722 1.504 0.722 1.504 0.722
Against Signal Outside Crosswalk *
Against Signal Inside Crosswalk *
With Signal Outside Crosswalk 0
Against Signal Inside and Outside Crosswalk 0
(All Three Cases) Pedestrian Violations 0
Crosswalk Width
Pedestrian Volume / Crosswalk Width
(Pedes. Oreen/Cyclelength) X 120
Pedestrian Volume 0
(Pedes. Oreen/Cyclelength) .\ 120
Treatment Intersection During lintbrcement Phase 0
S|)ecial Oenerator ( 1 = Present. 0 = Ab.senI) 0
Vehicle Speed Limit (miles per hour) 0
Pedestrian Volume X Vehicle Volume * * 0 0 0
Note :
* indicates tiait the variable was hyiH)thesi/ed but was not signilicant at the I).1)5 level
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Table 5.3 Regression analysis coefficient and m atrix (RANDOM # I)
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Independen t V ariab le
P ed estrian  V iolations P edestrian  V iolation R ates Vehicle V ehicle
asig_oul asig_in wsig_out asig_ou( asig_in wsift_out Violations Vio. R ales
B r ‘ B r* B r ' B r* B r ' B r ' B B r '
Vehicle Volume 0 0 0
Pedestrian Volume 0 0.044 0.731 0.088 0.314 ♦
Approach Width 0 0
Median Present ( 1 = Present, 0 = Absent) 0 0
Ped. Oreen Time (seconds) 0 0
Ped. Wail Time (seconds) 0 0
Cycle Length (seconds) 0 0 0
Ped Oreen 0 0
Cycle Length
Annroach Width (11/sec.) * 0.209 0.215
Ped. Oreen
Vehicle Violations
Pedestrian Violations
Crosswalli Width 0 * 0
Pedestrian Volume / Crosswalk Width 0 0 0
(Pedes. Oreen/Cyclelength) .\ 120
Pedestrian Volume 0 0 0
(Pedes. Oreen/Cyclelength) x 120
Treatment Intersection During Hnlbrcement Phase 0 0 0 ♦
Special Oenerator ( 1 = Present, t) = Absent) 0 0 0
Vehicle Speed Limit (miles per hour) 0 0 0
Pedestrian Volume X Vehicle Volume
Note :
* i n d i c a t e s  t h a t  t h e  v a r i a b l e  w a s  h y iK i l l i e s i / .e d  b u t  w a s  n o t  s i g n i t k a i U  al I h e  0.(15 l e v e l
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Table 5.3 (Contd.) Regression analysis coefficient and matrix (RANDOM # 1)
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in d ep en d en t Varial>le
Conflicts C onflicts
R ate
B r ' B r* B r ' B r ' B r ' B r*
Vehicle Volume * • * » 0
Pedeslrian Volume * * * $ 0
Approiici\ Width *
Median Present ( I = Present, 0 = Absent) 0
I’ed. Oreen l ime (seconds) 0
Ped. Wait Time (seconds) -1.329 0.218
Cycle Length (seconds) *
Ped Green *
Cycle Length
Annroach Width (ll/sec.) 0
Ped. Green
Vehicle Violations 2.722 0.621 2.722 0.621 2.722 0.621 2.722 0.621 2.722 0.621
Against Signal Outside Crosswalk •
Against Signal Inside Crosswalk *
With Signal Outside Crosswalk 2.197 0.765
Against Signal Inside and Outside Cro.ssw«lk $
(All lliree Cases) Pedestrian Violations 0
Crosswalk Width
Pedestrian Volume / Crosswalk Width
(Pedes. Green/Cyclelength) x 120
Pedestrian Volume 0
(Pedes. Green/Cyclelength) X 12t)
I reatment Intersection During Enforcement Phase 0
Special Generator ( 1 = Present, 0  = Absent) 0
Vehicle Speed Limit (miles tier hour) 0
Pedestrian Volume X Vehicle Volume * * -1.30l'-05 0.861 *
N ote :
* iïuiicalcs lhal Ihc variable was h>poll\esi/cd bal was nol signilicaiU al Ibc 0.03 level
2) When there are two or more signitlcaiU variables r̂  ineoqwrales all variance explained by variables previously entered 
by the stepwise process plus the contribution ot the variable entered. ON00
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Table 5.4 Regression analysis coefficient and matrix (RANDOM # 2)
Independent Variable
Pedestrian Violations Pedestrian Violation Rates Vehicle Vehicle
asig_out asig_in wsig_out asig_out asig_in wsiR_out Violations Vio. Rates
B r ' B r ' B r ' B r ' B r ' B r ' B r ' B r*
Vehicle Volume 0 0 *
Pedestrian Volume * O.KW 0.722 * 0.000 0.55
Approach Width 0 •
Median I'resent ( 1 = Present, (I = Absent) 0 0
Ped. Green Time (seconds) 0 0
Ped. Wait Time (seconds) 0 0
Cycle Length (seconds) 0 0 0
Ped Green 0 0
Cycle Length
Approach Width (ll/sec.) 0 0
Ped. Green
Vehicle Violations
Pedestrian Violations
Crosswalk Width 0 0 0
Pedestrian Volume / Crosswalk Width 0 0 0
(Pedes. Green/Cyclelength) x 120
Pedestrian Volume 0 0 0
(Pedes. Green/Cyclelength) x 120
Treatment Intersection During linforcement Phase * 0 0 0
Sjiecial Generator ( 1 = Present, t) = Absent) * 0 0
Vehicle Speed Limit (miles jx:r hour) 0 0 0
Pedestrian Volume X Vehicle Volume
Note :
* in d ic iilc s  tlial llic  v a r ia b le  w as  h y p o th es iz ed  b u t w as n o t s ig n ilic u n t ut th e  (1.(15 level
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Table 5.4 (Contd.) Regression analysis coefficient and matrix (RANDOM # 2)
Independent Variable
(Conflicts Conflicts
Rale
B r ' B r ' B r ' B r ' B r* B r '
Vehicle Volume $ $ * * *
Pedestrian Volume * * * $ *
Approach Width *
Median Present ( 1 = Present, t) = Absent) *
Ped. Green Time (seconds) 0
Ped. Wait Time (seconds) 0
Cycle Length (seconds) 0
Ped Green 0
Cycle Length
Annroach Width ( ll/sec. ) 0
Ped. Green
Vehicle Violations 2.463 0.594 2.463 0.594 2.463 0.594 2.463 0.594 2.463 0.594
Against Signal Outside Crosswalk *
Against Signal Inside Crosswalk «
With Signal Outside Crosswalk 1.705 0.795
Against Signal Inside and Outside Crosswalk *
(All Three Cases) Pedestrian Violations *
Crosswalk Width
Pedestrian Volume /  Crosswalk Width
(Pedes. Green/Cyclelength) x 120
P e d e s tr ia n  Volume 0
(Pedes. Green/Cyclelength) X 120
Treatment Intersection During Enforcement Phase 0
Special Generator ( 1 = Present, 0 = Absent) 0
Vehicle Speed Limit (miles per hour) 0
Pedestrian Volume X Vehicle Volume * « * * *
Note :
* indiciiles lliiil llie variable was iiypolliesized bal was nol signilicanl al Ihe 0.1)5 level
2) When there are two or more signiileant variables r‘ incoqiorates all variance explained by variables previously entered 
by Ihe stepw ise process phis the contribution of the variable entered o
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Table 5.5 Regression analysis coefficient and matrix (PHASE 3)
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Independent Variable
Pedestrian Violations Pedestrian Violation Rates Vehicle Vehicle
asig_out asig_in wsig_out asig_out a d g j n wsig_out Violations Vio. Rates
B r ' B r ' B r ' B r ' B r* B r ' B r ' B r '
Vehicle Volume 0 0 0.022 0.47
Pedeslriim Volume 0 0.108 0.898 0.148 0.545 0
Approach Width 0 *
M edian Present ( 1 = Present, 0 = Absent) 0 0
Ped. Green l ime (seconds) 0 -0.115 0.21
Ped. W ait Time (seconds) 0 0
Cycle I.ength (seconds) # * 0
Ped Green * 0
Cycle Length
Anproach W idth ( ll/sec. ) 0 0
Ped. Green
Vehicle Violations
Pedeslrian Violations
Crosswalk Width 0
Pedestrian Volume ! Crosswalk Width 0
(Pedes. Green/Cyclelength) X 120
Pedestrian Volume 0 0
(Pedes. Green/Cyclelength) x 120
Treatment Intersection During Enlbrcement Phase 0 0 0
S)iecial G enerator ( 1 = iVesent, t) = Absent) 0 0
Vehicle Speed Limit (m iles per hour) 0 0 0
Pedestrian Volume X Vehicle Volume
Note :
* indicates (hat (lie variable was hyjwlhesi/.ed bat was nol signilkaiil al the 0.05 level
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Table 5.5 (Contd.) Regression analysis coefficient and r^ m atrix (PHASE # 3)
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Independent Variable
Conflicts Conflicts
Rate
B r ' B r ' B r ' B r ' B r ' B r '
Vehicle Volume $ * 0 0 $
Pedeslrian Volume * * 0 0 0
Approach Width 0
Median Present ( 1 = Present, 0 = Absent) 0
Ped. Green l ime (seconds) 0
Ped. Wail Time (seconds) 0
Cycle Length (seconds) 0
Ped Green 0
Cycle Length
Annroach Width (11/sec.1 0
Ped. Green
Vehicle Violations 1.278 0.796 1.278 0.796 1.278 0.796 1.278 0.796 1.278 0.796
Against Signal Outside Crosswalk *
Against Signal Inside Crosswalk *
With Signal Outside Crosswalk 1.168 0.853
Against Signal Inside and Outside Crosswalk 0
(All Three Cases) Pedestrian Violations 0.0517 0.854
Crosswalk Width
Pedeslrian Volume /  Crosswalk Width
(Pedes. Green/Cyclelength) x 120
Pedestrian Volume 0
(Pedes. Green/Cyclelength) X 120
Treatment Intersection During T’nTorcement Phase 0
Siiecial Generator (1 = Present, (I = Absent) 0
Vehicle S|ieed Limit (miles |wr hour) 0
Pedestrian Volume X Vehicle Volume $ * 0 0 0
Note :
* iiiclicatc.s lluil llie variable was h\pollie.sized but was nol sigiiificanl al Ihe 0.05 level
2) Wbcn lliere are iwo or more signifiainl variables r̂  incoqwrales all variance explained by variables previously entered 
by llie stepwise process plus the contribution of the variable entered tu
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Table 5.6 Number of times an independent variable appeared in the four regression analyses
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Independen t V ariab le
P edestrian  V iolations P edestrian  V iolation R ates Vehicle Vch. Vio
asig_out asig_in wsig_out asig_out asig_in wslg_out V iolations R ates
B r ' B r ' B r ' B r ' B r ' B r ' B r ' B r '
Vehicle Volume 2 (1373
Pcdestrimi Volume 4 0.754 2 0.43 2 0.482
Approach Width
Median Present ( 1 = Present, t) = Absent)
Ped Green Time (seconds) 1 0.21
Ped. Wait Time (seconds)
Cycle Length (seconds)
Ped Green
Cycle Length
Annroach Width ( IVsec. 1 1 0.215
Ped. Green
Vehicle Violations
i’edestrian Violations
Crosswalk Width
Pedestrian Volume / Crosswalk Width
(Pedes. Green/Cyclelength) X 120
Pedestrian Volume
(Pedes. Green/Cyclelength) x 120
Treatment Intersection During Enforcement Phase
Special Generator ( 1 = Present, 0 = Absent)
Vehicle Speed Limit (miles jier hour)
Pedestrian Volume X Vehicle Volume
Note :
I'hc average r2 value is rejwrled lor those variables which were significanl more than once during the regression analyses.
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Table 5.6 (Contd.) Number of times an independent variable appeared in the four regression analyses
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Independent Variable
Conflicts Conflicts
Rate
B r ' B r ' B r ' B B r ' B
Vehicle Volume
Pedeslrian Volume
Approach Width
Median Present ( 1 = I’resent, 0 = Absent)
Ped. Oreen Time (seconds)
Ped. Wait Time (seconds) 1 0.218
Cycle I.ength (seconds)
Ped Oreen
Cycle Length
Approach Width (IVsec.)
Ped. Oreen
Vehicle Violations 4 0.683
Against Signal Outside Crosswalk
Against Signal Inside Crosswalk
With Signal Outside Crosswalk 3 0.804
Against Signal Inside and Outside Crosswalk
(All Three Cases) Pedestrian Violations 1 0.854
Crosswalk Width
Pedestrian Volume /  Crosswalk Width
(Pedes. Green/Cyclelength) x 120
Pedestrian Volume
(Pedes. Green/Cyclelength) X 12t)
Treatment Intersection During lintbrcement Phase
Special Generator ( 1 = Present, 0 = Absent)
Vehicle Speed Limit (miles per hour)
Pedestrian Volume X Vehicle Volume I 0.861
Note :
The average r2 value is reported for those variables which were signitlcant more tlian once during the regression analyses.
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5.4 Discussion of Regression Analysis Results
The two main aspects of interest in regression analysis are the beta (B) value and the 
coefficient of determination (r  ̂ value). The SPSS software defines the “B” value as the 
estimate of the change in the dependent variable that can be attributed to a change of one 
unit in the independent variable. The “B” in multiple regression analysis is called the partial 
regression coefficient.
The r  value is said to be a measure o f the goodness o f fit of a linear model. It is 
called the coefficient of determination. The SPSS software defines the r̂  value as the 
proportion of variation in the dependent variable explained by the regression model. It is 
the square of the multiple r, the correlation of the observed and predicted values of the 
dependent variable. The values range fi'om 0 to 1, with higher values indicating a better fit.
Table 5.6 reports the number o f times an independent variable appeared in 
regression analyses. The following are the dependent variables and their corresponding 
significant independent variables that were obtained from regression analyses:
a) Dependent Variable: PEDESTRIAN VIOLATIONS 
Significant Independent Variable(s):
1) Pedestrian Volume: From table 5.6, it can be seen that pedestrian Volume appeared four 
times as a significant independent variable in regressions having crossing “against signal 
inside crosswalk” as the dependent variable. The beta values ranged from 0.04 to 0.1, for 
the four runs. Further the coefficient of determination (r  ̂value) was high with values 
ranging from 0.67 to 0.90, indicating a strong correlation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
b) Dependent Variable: VEHICLE VIOLATIONS 
Significant Independent Variable(s):
1) Vehicle volume: For the dependent variable vehicle violations, vehicle volume appeared 
as a significant variable twice during the four runs. The “B” values were 0.016 and 0.022, 
while the r̂  values were 0.28 and 0.47 respectively.
c) Dependent Variable: CONFLICTS 
Significant Independent Variable(s):
1) Vehicle Violations: The dependent variable conflicts was influenced by vehicle 
violations, which appeared as a significant variable four times. The r  values ranged from 
0.59 to 0.80 and the “B” values ranged from 1.2 to 2.7. The “B” values exceed one because 
conflicts involve both pedestrian violations and vehicle violations. In this regard it should 
be noted that all vehicle violations involved a conflict, while not all pedestrian violations 
involved a conflict. That is to say a pedestrian could be a violator and still not be involved 
in a conflict, while if a motorist was a violator, it was because he or she was involved in a 
conflict.
2) Pedestrian Violations (With signal outside crosswalk): When entered as the only 
variable describing pedestrian behavior, “with signal outside crosswalk” emerged as a 
significant variable influencing the dependent variable conflicts in three out of the four 
runs. The “B” values ranged from 1.2 to 2.2 and the r̂  values ranged from 0.06 to 0.20. 
Thus indicating a weak correlation between the two.
3) Pedestrian volume and vehicle volume: For the dependent variable conflicts, the
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product of pedestrian volume and vehicle volume showed up once as a significant variable, 
with a low negative “B” value of 1.3 x 10'\ This suggests that with decreasing pedestrian 
and vehicle volumes, conflicts tend to increase. One reason for this could be the fact that 
pedestrians are constrained by approaching vehicles more than anything else. Thus 
pedestrians may be tempted to cross against a “don’t walk” sign, if they see no approaching 
vehicles. This explains that with fewer vehicles present, pedestrians take more chances, 
increasing conflicts. However the r̂  value of obtained in this case was very low, 0.096. So 
the existence of a relationship may be questionable.
4) Pedestrian Violations (case I + case 2 + case 3); The sum of all the three cases of 
against signal outside crosswalk (case 1), against signal inside crosswalk (case 2) and with 
signal outside crosswalk (case 3) emerged one time as a significant variable with a “B” value 
of 0.052 and a r o f  0.058. However, the fact that r  is very low and this independent 
variable appeared in only one equation raises the possibility that random errors may have 
influenced the results.
d) Dependent Variable: PEDESTRIAN VIOLATION RATES 
Significant Independent Variable(s):
1 ) Pedestrian green time: The pedestrian violation rates were influenced by the dependent 
variable ped green which showed up once for the four test runs. The pedestrian green time 
had a negative “B” value of 0.115 and a low r̂  of 0.21 indicating that with increasing ped 
green times, the pedestrian violation rates tended to decrease. Since this variable showed 
up only once, it is likely that random errors may have influenced the results.
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2) Approach width / ped green: The approach width / ped green had a “B” value 0.209 
and a of 0.21, which agrees with the hypothesis that as the walking speed required to cross 
on pedestrian green increases, violations rates may increase. However, the low r̂  and the 
fact that this independent variable appeared in only one equation raises the possibility that 
random errors may have influenced the results.
e) Dependent Variable: VEHICLE VIOLATION RATES 
Significant Independent Variable(s):
I)Pedestrian volume: For the dependent variable vehicle violation rates, pedestrian volume 
appeared as a significant variable twice. The “B” values were 0.005 and 0.009 while the r̂  
values were 0.41 and 0.55 respectively.
f) Dependent Variable: CONFLICTS RATE 
Significant Independent Variable(s):
1 ) Ped wait time: This emerged as a significant variable for the dependent variable conflicts 
rate once with a negative “B” value of 1.329 and a r  value of 0.22. This result implies that 
with increasing ped wait times the rate o f conflicts goes down, which seems counter 
intuitive. One possible explanation could be that some pedestrians could make use o f the 
“walk” signal in the other direction and take an alternative route to reach a diagonally 
opposite comer thus effectively utilizing the wait time or, the results could reflect random 
error i.e the result could have been picked up accidently by draw of lots.
Overall only the variables of pedestrian volume (for the dependent variable 
PEDESTRIAN VIOLATIONS), vehicle violations and with signal outside crosswalk (for
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the dependent variable CONFLICTS) appeared to have consistently strong relationships.
The other variables appeared only once or twice and may have reflected random error in 
the data. If design features of the intersection had an influence on behavior, the regressions 
did not reveal them.
The temperatures may have had an effect on the pedestrian violations of “against 
signal inside crosswalk” and “with signal outside crosswalk”. Both the “B” and the r  values 
increased from phase 1 to phase 3 as seen in Table 5.7
Table 5.7 Influence of Temperature on Pedestrian Violations
Independent 
Variable i
Dependent Variable 
Against Signal Inside Crosswalk
Dependent Variable 
With Signal Outside Crosswalk
Pedestrian
Volume
B 1-2 B r̂
Phase 1 0.074 0.665
Random 1 0.044 0.731
Random 2 0.104 0.722 0.088 0.314
Phase 3 0.108 0.898 0.148 0.545
Also in the relationship between the dependent variable conflicts and the independent 
variable “with signal outside crosswalk” the r2 values increased from random 1 to phase 3 
as seen in Table 5.8.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80
Table 5.8 Influence of Temperature on Conflicts
Independent Variable: 
With Signal Outside
Crosswalk 1
Dependent Variable: Conflicts
B r̂
Random 1 2.197 0.765
Random 2 1.705 0.795
Phase 3 1.168 0.853
If violations increase as a function of temperature it could be that the heat makes waiting 
less tolerable. Second, if pedestrian volumes decline with increasing heat, it may mean that 
discretionary walkers tend to avoid walking. The percentage of “hard core”, or captive 
walkers will rise. Perhaps the captive walkers are more prone to violate the laws.
5.5 Auto Correlation of Rates
The results from regression analysis show that only in two cases did the same independent 
variables appear in all the four regression runs, which indicates strong consistency. Several 
variables showed up either thrice, twice, or once. Many did not show any significance. To 
examine this lack of consistency an examination was made of the correlation between the 
rates over a period of time. The pedestrian violation rates, vehicle violation rates, and 
conflict rates were correlated between phases 1 and 3. Correlations were not computed 
between phases 1 and 2, or between phases 2 and 3 because of the potential impact of the 
enforcement program.
Data pertaining to pedestrian violation rates, vehicle violation rates, and conflict
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rates were checked for correlation by scatter plots. Figures 5.1 to 5.5 show comparisons 
between the rates before and after enforcement.
The strongest correlation observed was for the rate o f  crossing with signal outside 
crosswalk having a r̂  value of 0.65 between the before and after enforcement phases. This 
indicates that there is less randomness in data. This variable also entered the four regression 
equations three times. The next best correlation was vehicle violation rates with a value 
of 0.26. The other correlations were poor. This lack of high correlation between phase 1 
and phase 3 rates may explain the reason for not obtaining consistently the same significant 
variables during the regression analysis.
5.6 Inter Correlation among Types of Pedestrian Violations
Correlations among the types of pedestrian violations were then calculated and analyzed for 
each phase. It will be recalled that pedestrian violation categories included with signal 
outside crosswalk, against signal inside cross^’alk and against signal outside crosswalk. 
Correlations were done to determine if the variation in pedestrian violations had any 
commonality. High correlations might indicate that the set o f  crosswalks in the study did 
not offer sufficient design variation to evoke different patterns of violations or it might 
suggest that the design variables could be poor estimators o f pedestrian behavior in general.
Pearson’s one-tailed bivariate correlation was performed on the four test runs of
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phase 1, random 1, random 2 and phase 3. Among the various pairs of combinations 
involving the three variables, the pair of “against signal outside crosswalk” and “with signal 
outside crosswalk” had high correlations three times (random I, random 2, and phase 3) for 
the four runs. The r values were positive 0.393, 0.496 and 0.572 respectively. The square 
of the obtained correlation values, r̂  indicated that the common variation between “against 
signal outside crosswalk” and “with signal outside crosswalk” for the three cases was 16 
percent, 25 percent and 33 percent, respectively.
The above result indicates that there was a consistent tendency over time for people 
to go out of the crosswalk both with and against the light among the crosswalks in the 
study. However the special generator variables did not appear in any of the regressions, 
which leaves open the question of why significant correlations exist. One possible 
explanation could be the increasing temperatures over the time period of the study. The 
initial observations (phase 1) started in February and it was mid July by the time phase 3 was 
in progress. The heat may have influenced pedestrians to take a short cut and go out of the 
crosswalk. One additional fact which supports the above statement is that for phase 1 
observations no significant correlations were obtained among these two variables. Also the 
declining volumes of pedestrians obtained through counts from phase 1 to phase 3 could 
reflect the increase in temperatures occurring during that period.
Next the pair of violations “against signal inside crosswalk” and “with signal outside 
crosswalk” showed up twice with correlations o f 0.356 and 0.560 for random 1 and phase 
3 respectively. The common percentage o f variability for these two variables was 13
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percent and 32 percent respectively.
The pair o f  violations “against signal inside crosswalk” and “against signal outside 
crosswalk” showed up twice with correlations of 0.360 and 0.270 for phase 1 and phase 3, 
respectively. The common percentage of variability for these two variables was 13 percent 
and 7 percent respectively.
Table 5.9 shows the correlations obtained. Overall the strongest significant 
correlation which was, obtained between the pair of “against signal outside crosswalk” and 
“with signal outside crosswalk” which showed up thrice during the four runs. These 
correlations were obtained for the runs of random 1, random 2 and phase 3. This suggests 
that there may have been a consistent tendency for people to go outside the crosswalk 
independent of any tendency to cross against a signal. This might be because of the 
presence of a special generator like a subway, sandwich store, or busstop near the crosswalk 
which could influence pedestrians to take a shorter route to their destination. However the 
special generator variable did not appear in any of the regressions.
The other significant correlation obtained was for the case of “against signal inside 
crosswalk” and “with signal outside crosswalk” for phase 3. This indicates that there was 
some common tendency for pedestrians to violate the signal while crossing inside the 
crosswalk or to walk outside the crosswalk with the signal. The reason for this significant 
correlation showing up only for phase 3 observations, could be the increasing temperatures. 
The reason why these two behaviors were correlated is not known, however nor can any 
hypothesis be advanced.
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Table 5.9 Correlation coefïïcients (r)
With Signal Outside Crosswalk
Phase 1 Random 1 Random 2 Phase 3
Against Signal Outside Crosswalk 
Observed “p” Value
- 0.3933
0.048
0.4964
0.015
0.5724
0.005
Against Signal Inside Crosswalk 
Observed “p” Value
- 0.3561
0.067
- 0.5603
0.006
Against Signal Outside Crosswalk
Against Signal Inside Crosswalk 
Observed Value
0.3595
0.065
- - 0.2699
0.132
5.7 Relationship between crashes and violations and conflicts
Crashes have a strong dependence on violations and conflicts. Thus correlations were 
calculated to determine the strength of dependence between crashes at the intersections in 
the study and violations and conflicts during the period of study. Crash data were obtained 
from the NDOT (Nevada Department of Transportation) crash data base available in the 
UNLV Transportation Research Center. Data pertaining to pedestrian violations, vehicle 
violations and conflicts were aggregated by intersection. This was done because crashes 
occurring at the intersection or within 50 feet of it were coded into the NDOT data base 
by reference to the intersection rather than an approach. It therefore was difficult to 
disaggregate crashes in the NDOT data base by approaches.
From the crash data available for Clark County, crashes that occurred in the selected 
eight intersections from 1990 to 1995 were extracted. Crashes falling under the categories
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o f  the following three pedestrian actions were examined:
1) Pedestrian action (01) = Crossing at intersection - With signal
2) Pedestrian action (02) = Crossing at intersection - Against signal
3) Pedestrian action (04) = Crossing at intersection - Diagonally
There were a total of 37 fatal and injury pedestrian crashes during that period. Out of these 
3 were fatal pedestrian crashes and 34 were injury pedestrian crashes. The fatal pedestrian 
crashes were reported at the intersections of Sahara and Las Vegas Boulevard and at 
Charleston and Las Vegas Boulevard.
Data were analyzed to see if there existed any correlation between the crashes and 
pedestrian violations, vehicle violations and conflicts. Figures 5.6 to 5.10 show the scatter 
plots and correlations. The strongest correlation was seen between the variable “against 
signal outside crosswalk” (pedestrian violations) and accidents, with a r̂  value o f 0.46. The 
correlation was significant, but negative. This relationship indicated that with increasing 
violations under the category of “against signal outside crosswalk” , the crashes tended to 
decrease and vice versa, even though the pedestrian was violating the signal in this case. 
The reason for the negative relationship could be that there were fewer vehicles present, 
making it easier to walk outside the crosswalk against the signal. This could decrease the 
likelihood of direct contact between the pedestrian and a vehicle, avoiding a crash. This 
idea is highly speculative, however.
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5.8 Additional Aspects of Observed Motorist and Pedestrian Behavior
5.8.1 Pedestrians
In terms o f collisions with pedestrians, the left - turning and the right - turning maneuvers 
involve a considerable number of human factors considerations. At intersections where 
there are permissive left - turns, the driver has to be sound in his judgement to execute in 
the turning maneuver. The driver must search for and detect no threat from opposing 
vehicles and pedestrians.
Pedestrians often use the shortest routes to undertake a crossing action. This is most 
hazardous at intersections, where there is a multiple threat of a collision involving vehicles 
coming from many directions. The pedestrian may assume that he is secure when he steps 
on to the roadway, and be unaware of the numerous factors which could lead to an accident. 
Another aspect of behavior which merits consideration is the fact that the decision of the 
leading individual in a group of pedestrians waiting to cross the street can have a major 
influence on other pedestrians. During field observations, it was found that the other 
pedestrians were observed to blindly follow the leader, not bothering to look for traffic on 
their own. At some intersections it was noticed that pedestrians who were crossing against 
the signal and/or outside the crosswalk continued walking even if they spotted a vehicle 
coming towards them. This can be very dangerous and lead to an accident.
It also was observed that the age of the person has some effect on the crossing 
maneuver. Some of the elderly pedestrians were found to be indecisive about their action 
to cross the street during the short durations of pedestrian green. This action was bound to
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confuse the driver who was anticipating the pedestrian to enter the crosswalk and move to 
the other end, rather than step back on the curb. The situation becomes even complex in 
case of intersections which have permissive left turns.
Many pedestrian controlled signals exhibit long response times. Traffic engineers feel 
that this is necessary in order to coordinate traffic signals along a street. There are many 
times, however, in which this justification may be doubtful, and it is only the extremely law- 
abiding or safety conscious citizen who will wait for a walk signal when there is no cross 
traffic. The result is that pedestrians dart out against a red signal, and some even try to cross 
the street utilizing gaps in traffic. By performing this act the pedestrians are not only 
violating the traffic control devices and placing themselves at risk, but more importantly the 
driver may be unaware of their presence and cannot anticipate their movements. In 
conditions of hot weather, as is the case in Las Vegas, this was found to be especially true.
In most o f the intersections in this study, the pedestrian walk signal was 
synchronized with the straight-ahead green light for vehicles, but at some intersections, the 
walk signal was deliberately delayed to facilitate right turning (or left-turning traffic). This 
might have created confusion for the pedestrians.
Some locations have the pedestrian crossing button mounted on the wrong side of 
the pole, in effect hidden away from the pedestrian. It also was observed that at some 
intersections, the crosswalk lines were barely visible because the white lined striping was 
faint. This confuses pedestrians who mistake the stop line for the vehicles as the edge of the 
crosswalk and force the driver to back up a little bit. This could lead to rear-end collisions.
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if the driver is not cautious. At night time, these problems are further magnified.
It also was seen that some pedestrians were not in the habit (or were unaware) of 
pushing the pedestrian signal button to get a walk signal. It should be noted that the traffic 
signal system does not automatically trigger a pedestrian crossing light at every intersection. 
When the pedestrian signal does go off automatically, the crossing times are not as long as 
when the button is pushed.
5.8.2 Motorists
Motorists sometimes tended to overshoot the crosswalk and obstruct pedestrians who were 
crossing. This was more commonly observed at intersections where the striping of the 
crosswalk was not highly visible. Also, some drivers tended to allow their vehicle to 
continue rolling and did not come to a complete stop when they allowed pedestrians to 
cross the road. This confuses the pedestrian, causing the pedestrian to hesistate before 
crossing. Sometimes at an intersection which permits right-tums-on-red, the crossing 
pedestrian is hidden by other stopped cars to the left o f the right turning vehicle, and the 
driver in the right turn lane tends to make his turn without seeing them. This phenomenon 
also was observed in the case of cars executing a left turn on a permissive green where in 
the crossing pedestrians were hidden by opposing right turning vehicles.
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Chapter 6
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions and Recommendations
This study evaluated the effectiveness of the pedestrian safety law enforcement activity in 
Las Vegas by comparing the behaviors of motorists and pedestrians before, during, and after 
the enforcement program.
The results from the nonparametric statistical tests suggested that the law 
enforcement program did not have any long term impact on reducing pedestrian violations, 
vehicle violations or conflicts. It was hypothesized that intersection charecteristics might 
have influenced the number of violators and conflicts, as well as the rates of pedestrian 
violations, vehicle violations and conflicts. Stepwise regression analysis was carried out to 
test this hypothesis. The results from regression analysis identified several independent 
variables which had a significant influence on pedestrian violations, vehicle violations and 
conflicts. However only the variables of pedestrian volume (for the dependent variable 
PEDESTRIAN VIOLATIONS), vehicle violations and with signal outside crosswalk 
(for the dependent variable CONFLICTS) appeared to have consistently strong 
relationships over the four regression runs of phase 1, random 1, random 2, and phase 3.
99
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These variables showed significance in atleast three o f the four test runs. The other 
independent variables which were significant but not consistent were :
1 ) Pedestrian Green Time for the dependent variable “pedestrian violation rates”
2) Approach width / ped green for the dependent variable “pedestrian violation rates”
3) Vehicle volume for the dependent variable “vehicle violations”
4) Pedestrian volume for the dependent variable “vehicle violation rates”
5) Pedestrian volume x vehicle volume for the dependent variable “conflicts”
6) Pedestrian violations (all three cases) for the dependent variable “conflicts”
7) Pedestrian wait time for the dependent variable “conflict rates”
Thus the consistency is debatable for the above mentioned variables that were significant 
only once or twice during the four test runs of phase 1, random 1, random2, and phase 3. 
Some of the reason for this might have been ;
1) Temperature could have had an influence on violations and conflicts. As reported earlier 
the “B” and r̂  values for the dependent variables “against signal inside crosswalk” and “with 
signal outside crosswalk” hypothesized against the independent variable pedestrian 
volume, increased from phase 1 to phase 3 of the regression analyses. In the case of the 
dependent variable “conflicts” hypothesized against the independent variable with signal 
outside crosswalk, the highest “B” and r̂  values were obtained for phase 3 regression 
analyses. If the violations increased as a function of temperature it could be that heat makes 
waiting less tolerable. Also if pedestrian volumes decline with increasing heat, it may mean 
that discretionary walkers tend to avoid walking. This implies that the percentage of captive
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pedestrians will rise. It was felt that perhaps the captive walkers are more prone to violate 
the laws.
2) In this study an aggregate analysis approach was adopted, i.e. measurements were 
aggregated over the two hour time periods to produce the 19 data points (10 points 
representing the crosswalks of control intersections and the 9 points representing the 
crosswalks of treatment intersections). In hindsight, it may be that a disaggregate approach 
would have been more useful.
In the disaggregate approach, emphasis would be on individual pedestrians 
as the unit of observation, rather than crosswalks. But for this, a larger number of data 
points from a greater number of intersections would be required. The project resouces and 
time were a limiting factor in this regard. Using a disaggregate approach additional variables 
would be measured while recording behaviors at the intersections. Some of the additional 
variables could be ;
a) Distance of vehicles from the pedestrian.
b) The speed with which vehicles are approaching.
c) Number of pedestrians on the sidewalk.
d) The number of pedestrians crossing during the period of the pedestrian green phase, and 
whether the observed pedestrian is with friends or people he knows.
e) The presence of a “dominant pedestrian” who initiates on illegal behaviors.
f) Use of a pedestrian button to initiate the pedestrian green or “walk” signal.
g) The presence of a stopped bus.
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h) The age and gender o f  the pedestrian.
3) Conflicts should have been disaggregated by type, i.e “with signal outside crosswalk”, 
“against signal inside crosswalk” and “against signal outside crosswalk”. This would have 
helped to better determine what types of pedestrian violations were involved in specific 
conflicts.
4) The field of view of the video camera was restrictive and could not capture all pedestrian 
violations outside a crosswalk. Some pedestrians crossed illegaly outside the view of the 
camera. Although adequate care was taken to see that as much area as possible (adjacent 
to the crosswalks) was captured while filming, more distant upstream violations were 
missed.
5) There was a learning phase during phase 1 (before enforcement) of the observations, 
which might have contributed to minor errors while coding data.
6.2 Additional Observations
The following observations made in the field may be useful in designing future studies and 
programs related to pedestrian safety :
1) It was observed at the intersections o f Las Vegas Boulevard and Charleston, and Twain 
and Maryland Parkway that most passengers alighting from the buses and making a transfer 
did not use the crosswalk, but crossed from the drop off point in order to catch the next bus.
2) High numbers of pedestrian violations were observed at the intersections of Sahara and 
Las Vegas Boulevard (north-south movement, east crosswalk), Fremont and Las Vegas
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Boulevard (east-west movement, north and south crosswalks), Stewart and Fourth Street 
(east-west movement, north crosswalk). Pedestrians at Sahara and Las Vegas Boulevard 
using the east crosswalk were more enticed to move out of the crosswalk and take a short 
cut towards the opening of the SAHARA valet parking, and vice versa. Pedestrian walk 
time at the Fremont and Las Vegas Boulevard intersection (north-south movement) was 
very short compared to the volumes of pedestrians, especially when a bus arrived, thus 
encouraging pedestrians to cross against signals. Pedestrians at Stewart and Fourth Street 
on the north crosswalk deviated from the crosswalk to use the concrete landing. While 
designers may consider this as a short cut for pedestrians coming in and going out of the Las 
Vegas City Hall, the Metro Enforcers considered this as presenting a conflict with the right 
turning westbound vehicles in a right only lane. Unless an aggressive information campaign 
on the role of designated crosswalks and the responsibilities of pedestrians is launched, 
pedestrian safety will continue to be a concern.
3) Long queues of vehicles were observed at the Flamingo and Maryland intersection 
whenever a bus stopped at a far side stop. This posed conflicts between pedestrians and 
oncoming vehicles. In order to minimize the potential for crashes, the location of bus stops 
should be properly coordinated with agencies in charge of signal timing, pedestrian safety, 
and traffic.
4) Westbound right turning vehicles at the intersection of Flamingo and Maryland Parkway 
often did not yield the right of way to pedestrians. This created a situation in which a 
pedestrian could not utilize the “walk” sign, but was forced to rush on a flashing “don’t
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walk” sign. The delay between the eastbound left turn red and pedestrian green was very 
short (1 second), thus increasing the potential for conflicts between pedestrians and trailing 
motorists.
5) There were significant numbers of bikers sharing the crosswalk with pedestrians. A 
single observation yielded 29 percent bikers at the Flamingo and Maryland intersection, 10 
percent bikers at the Koval and Flamingo intersection, and 8 percent bikers at the Charleston 
and Las Vegas Boulevard, and Twain and Maryland Parkway intersections. Future 
programs should address the effect of bikers on the safety of pedestrians.
6) It was observed that persons with disabilities found it difficult to reach the pedestrian 
push button to initiate the pedestrian walk signal. Thus a study should be initiated to count 
the number of persons with disabilities using the crosswalk and subsequently provide a 
special sensor for the location of pedestrian call boxes for people with disability.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX - A 
INTERSECTION DIAGRAMS
105
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure A.1 Control Intersections
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Figure A.2 Control Intersections
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Figure A 3 Treatment Intersections
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Figure A.4 Treatm ent Intersections
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B.l Input Variables for regression analyses
Dependent variable : Pedestrian Violations
S No. Phase 1 Random 1 Random 2 Phase 3
asig_in asig_out wsig_out asig_in asig_out wsig_out asig_in asig_out wsift_out asig_in asig_out wsig_out
1 19.00 6.00 13.00 19.00 7.00 22.00 34.00 6.00 13.00 30.00 19.00 8.00
2 25.00 225.00 54.00 29.00 225.00 54.00 29.00 225.00 54.00 28.00 6.00 20.00
3 20.00 380.00 29.00 20.00 6.00 23.00 20.00 6.00 23.00 38.00 3.00 38.00
•1 65.00 2.00 11.00 40.00 2.00 11.00 40.00 2.00 11.00 37.00 36.00 .36.00
5 1.1.00 1.00 3.00 13.00 2.00 .00 13.00 2.00 ,00 8.00 2.00 9.00
6 11.00 10.00 31.00 10.00 10.00 31.00 10.00 10.00 31.00 8.00 15.00 19.00
7 27.00 113.00 153.00 27.00 145.00 183.00 27.00 145.00 183.00 26.00 141.00 118.00
8 3.00 .00 9.00 10.00 .00 9.00 10.00 .00 9.00 5.00 1.00 1.00
9 5.00 159.00 33.00 20.00 159.00 33.00 5.00 3.00 15.00 5.00 5.00 11.00
10 7.00 73.00 6.00 7.00 1.00 20.00 7.00 1.00 20.00 1.00 4.00 7.00
11 2.00 74.00 8.00 2.00 13.00 7.00 2.00 13.00 7.00 2.00 .00 5.00
12 9.00 93.00 23.00 4.00 93.00 23.00 4.00 93.00 23.00 12.00 18.00 12.00
13 6.00 1.00 40.00 6 00 .00 18.00 11.00 1.00 40.00 13.00 6.00 15.00
14 31.00 4.00 2.00 27.00 4.00 2.00 31.00 .00 4.00 18.00 4.00 13.00
15 11.00 .00 16.00 3.00 .00 16.00 3.00 .00 16.00 3.00 .01) 47.00
16 15.00 14.00 217.00 15.00 14 00 131.00 15.00 14.00 131.00 39.00 32.00 1X7.00
17 126.00 12.00 105.00 61.00 12.00 105.00 126.00 25.00 22.00 102.00 50.00 111.00
18 45.00 11.00 24.00 45.00 2.00 29.00 63.00 11.00 24.00 88.00 4.00 76.00
19 14.00 2.00 42.00 14.00 2.00 22.00 16.00 2.00 42.00 7.00 4.00 51.00
Note : 
asÎR_in = 
asiR_out 
wsig_out
Against Signal Inside Crosswalk 
= Against Signal Outside Crosswalk 
= With Signal Outside Crosswalk
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B.2 Input variables for regression analyses
Dependent Variable : Pedestrian Violation Rates
SNo. Phase 1 Random 1 Random 2 Phase 3
asig_in asig_out wsig_out asig_in asiK_out wsig_out asig_in asig_out wsig_out a s ic in asig_out wsiR_ out
1 13.88 2.45 5.31 8.84 3.26 10.23 13.88 2.45 5.31 16.57 10.50 4.42
2 5.71 44.29 10.63 5.71 44.29 10.63 5.71 44.29 10.63 16.18 3.47 11.56
J 7.30 42.70 3.26 4.33 1.30 4.98 4.33 1.30 4.98 9.84 .78 9.84
4 9.26 0.46 2.55 9.26 .46 2.55 10.39 .52 2.86 9.09 8.85 8.85
5 5.92 0.59 1.78 9.77 1.50 .00 14.44 2.22 .00 8.89 2.22 10.00
6 7.69 7.69 23.85 7.69 7.69 23.85 7.69 7.69 23.85 8.51 15.96 20.21
7 8.23 24.46 33.12 5.87 31.52 39.78 7.32 39.30 49.59 7.05 38.21 31.98
8 8.55 0.00 7.69 8.55 .00 7.69 9.71 .00 8.74 6.02 1.20 1.20
9 5.59 44.41 9.22 5.59 44.41 9.22 6.58 3.95 19.74 6.58 6.58 14.47
10 6.55 43.45 3.57 8.14 1.16 23.26 9.46 1.35 27.03 1.35 5.41 9.46
11 2.56 47.44 5.13 1.94 12.62 3.61 3.85 25.00 13.46 3.85 .00 9.62
12 2.06 47.94 11.86 2.06 47.94 22.33 3.23 75.00 18.55 12.24 18.37 12.24
13 6.47 0.59 23.53 5.83 .00 11.61 10.68 .97 38.83 12.26 5.66 14.15
14 17.42 2.58 1.29 17.42 2.58 1.34 22.79 .00 2.94 13.24 2.94 9.56
15 2.01 0.00 10.74 2.01 .00 3.08 1.53 .00 8.16 1.96 .00 30.72
16 2.57 3.00 46.47 2.89 2.70 9.35 2.86 2.67 25.00 7.44 6.11 35.69
17 4.35 0.86 7.49 4.35 .86 17.98 13.22 2.62 2.31 10.70 5.25 11.65
18 10.48 1.83 3.99 7.71 .34 11.11 10.79 1.88 4.11 12.32 .56 10.64
19 5.73 0.72 15.05 5 36 .77 8.43 6.13 .77 16.09 2.66 1.52 19.39
Note ;
îjs ig jn  = 
asigou t = 
w sigoul
Against Signal Inside Crosswalk 
= Against Signal Outside Crosswalk 
= With Signal Outside Crosswalk
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S. No. Dependent Variable : Vehicle Violations Dependent Variable : Vehicle Violation Rales
Phase 1 Random 1 Random 2 Phase 3 Phase 1 Random 1 Random 2 Phase 3
1 5.00 6.00 5.00 .00 1.89 2.54 1.89 .00
2 20.00 20.00 20.00 100 6.67 6.67 6.67 .47
3 13.00 12.00 12.00 2.00 6.31 5.66 5.66 1.06
4 3.00 3.00 3.00 .00 1.94 1.94 1.94 .00
5 33.00 23.00 23.00 10.00 3.07 2.60 2.60 1.21
6 9.00 9.00 9.00 10.00 1.28 1.28 1.28 1.66
7 13.00 34.00 34.00 6.00 2.75 7.80 7.80 1.50
8 2.00 2.00 2.00 5.00 1.68 1.68 1.68 5.49
9 2.00 2.00 2.00 7.00 0.18 .18 .19 .70
10 4.00 2.00 2.00 6.00 0.40 .21 .21 .65
11 1.00 16.00 16.00 2.00 0.28 4.73 4.73 .52
12 3.00 3.00 3.00 .00 0.53 .53 .53 .00
13 38.00 22.00 38.00 53.00 2.43 144 2.43 3.88
14 24.00 24.00 2.00 16.00 1.85 1.85 .15 1.39
15 8.00 8.00 8.00 .00 3.38 3 38 3 38 .00
16 45.00 14.00 14.00 32.00 4.88 1.13 1.13 2.64
17 13.00 13.00 23.00 10.00 5.51 5.51 9.75 4.37
18 25.00 34.00 25.00 22.00 8.83 13.65 8.83 8.33
19 5.00 8.00 5.00 13.00 1.21 2.09 1.21 3.89
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S, No. Dependent Variable : Conflicts Dependent Variable : Conflict Rates
Phase 1 Random 1 Random 2 Phase 3 Phase 1 Random 1 Random 2 Phase 3
1 6,00 36.00 6.00 2.00 58.17 466.41 58.17 28.41
2 22.00 22.00 22.00 8.00 86.44 86.44 86.44 118.88
3 16.00 36.00 36.00 4.00 25.04 109.60 109.60 16.37
4 3.00 3.00 3.00 0.00 12.54 12.54 12.54 .00
5 46.00 36.00 36.00 17.00 132.90 148.72 148.72 86.73
6 32.00 32.00 32.00 21.00 66.26 66.26 66.26 65.09
7 64.00 162.00 162.00 29.00 89.09 233.69 233.69 55.98
8 2.00 2.00 2.00 7.00 21.16 21.16 21.16 113 36
9 15.00 15.00 12.00 11.00 12.02 12.02 31.79 44.14
10 8.00 7.00 7.00 9.00 33.87 60.79 60.79 93.05
11 2.00 43.00 43.00 16.00 6.29 219.26 219.26 150.83
12 11.00 11.00 11.00 1.00 19.93 19.93 19.93 3.70
13 56.00 35.00 5600 61.00 106.09 104.81 106.09 213.06
14 51.00 51.00 20.00 23.00 62.86 62.86 24.29 35.89
15 12.00 12.00 12.00 6.00 46.07 46.07 46.07 19.62
16 70.00 40.00 40.00 56.00 27.93 14.35 14.35 19.88
17 20.00 20.00 40.00 14.00 4.85 4.85 12.35 5.65
18 59.00 72.00 59.00 57.00 43.38 66.00 43.38 33.46
19 5.00 19.00 5.00 14.00 43.50 190.07 43.50 159.38
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B.5 Input variables Tor regression analyses
Independent Variables
S No. I Vehicle Volume T Pedestrian Volume T Variable 2
Phase 1 1 Random II Random 2| Phase 3 |  Phase 1 (Random IfRandom 2| Phase 3 |  Phase 1 |Random If Random 2| Phase 3 |
1 265.00 236.00 265.00 221.00 245.00 215.00 245.00 181.00 1.45 1.27 1.44 1.07
2 300.00 300.00 300.00 211.00 508.00 508.00 508.00 173.00 2.20 2.20 2.20 .75
3 206.00 212.00 212.00 189.00 890.00 462.00 462.00 386.00 1.66 .86 .86 .72
4 155.00 155.00 155.00 136.00 432.00 432.00 385.00 407.00 0.81 .81 .72 .76
5 1075.00 885.00 885.00 829.00 169.00 133.00 90.00 90.00 0.37 .29 .19 .19
6 702.00 702.00 702.00 604.00 130.00 130.00 130.00 94.00 3.67 3.53 3.53 2.55
7 473.00 436.00 436.00 401.00 462.00 460.00 369.00 369.00 2.96 2.98 2.39 2.39
8 119.00 119.00 119.00 91.00 117.00 117.00 103.00 83.00 0.41 .41 .37 .29
9 1120.00 1120.00 1070,00 993.00 358.00 358.00 76.00 76.00 5.10 5.44 1.15 1.15
10 999.00 934.00 934.00 921.00 168.00 86.00 74.00 74.00 0.46 .23 .20 .20
11 359.00 338.00 338.00 383.00 156.00 103.00 52.00 52.00 0.51 .34 .17 .17
12 565.00 565.00 565.00 537.00 194.00 194.00 124.00 98.00 4.41 4.03 2.58 2.04
13 1563.00 1528.00 1563.00 1365.00 170.00 103.00 103.00 106.00 1.19 .73 .73 .75
14 1295.00 1295.00 1298,00 1152.00 155.00 155.00 136.00 136.00 4 34 5.21 4..57 4 57
15 237.00 237.00 237.00 274.00 149.00 149.00 196.00 153.00 0.36 .36 .48 .37
16 923.00 1242.00 1242.00 1212.00 467.00 519.00 524.00 524.00 8.98 9.98 10.07 10.07
17 236.00 236.00 236.00 229.00 1401.00 1401.00 953.00 953.00 11.18 11.74 7.98 7.98
18 283.00 249.00 283.00 264.00 601.00 584.00 584.00 714.00 5.61 5.73 5.73 7.00
19 412.00 383.00 412.00 334.00 279.00 261.00 261.00 263.00 2.96 2.95 2.95 2.97
Note :
Variable 2 refers to
Pedestrian volume / Crosswalk width
(Pedestrian Green / Cycle length) x 120
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B.5 Input variables for regression analyses (contd.)
Independent Variables (contd.)
S No. Variable 3 Pedestrian Volume x Total Vehicle Volume
Phase 1 Random 1 Random 2 Phase 3 Phase 1 Random 1 Random 2 Phase 3
1 11.34 9.95 11.34 8.38 103145 77185.00 103145.00 70409.00
2 23.52 23.47 23.52 8.00 254508 254508.00 254508.00 67297.00
3 16.48 8.56 8.56 7.15 639020 328482.00 328482.00 244338.00
4 8.00 8.00 7.13 7.54 239328 239328.00 213290.00 190069.00
5 3.61 2.81 1.90 1.90 346112 242060.00 163800.00 196020.00
6 36.11 34.67 34.67 25.07 482950 482950.00 482950.00 322608.00
7 29.62 29.81 23.92 23.92 718410 693220.00 556083.00 518076.00
8 4.88 4.88 4.29 3.46 94536 94536.00 83224.00 61752.00
9 49.72 53.04 11.26 11.26 1248346 1248346.00 265620.00 249204.00
10 4.83 2.44 2.10 2.10 236208 115154.00 99086.00 96718.00
11 5.00 3.35 1.69 1.69 318084 196112.00 99008.00 106080.00
12 40.42 36.95 23.62 18.67 551930 551930.00 352780.00 270382.00
13 11.81 7.23 7.23 7.44 527850 333926.00 319815.00 286.106.00
14 43.06 51.67 45.33 45.33 811270 811270.00 722432.00 640832.01)
15 4.14 4.14 5.44 4.25 260452 260452.00 342608.00 305847.00
16 77.83 86.50 87.33 87.33 2505922 2784954.00 2813356.00 2817548.00
17 166.79 175.1.3 119.13 119.13 4121742 4121742.00 2803726.00 2479706.00
18 71.55 73.00 73.00 89.25 1360063 1321592.00 1321592.00 1703604.00
19 29.06 29.00 29.00 29.22 114948 107532.00 107532.00 87842.00
Note ;
Variable .3 refers to 
Pedestrian volume
(Pedestrian Green / Cycle length) x 120
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B.6 Input variables for regression analyses 
Independent variables constant for Phase 1, Random 1, Random 2, and Phase 3
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s. No. Approach 
Width (ft.)
Pcd wait 
time (sec.)
Pedestrian 
green (sec.)
Median Cycle length 
(sec.)
Fed. green Annr. wdth fft/sect Crosswalk 
width (ft)
Special
generator
Vehicle 
speed (mph)cycle length Ped. wait time
1 55 25 11 0 60 0.18 5.01 7.83 1 25.00
2 51 39 11 0 60 0.18 4.63 10.67 25.00
3 63 36 27 0 60 0.45 2.33 9.92 25.00
4 61 36 27 0 60 0.45 2.26 9.92 25.00
5 101 92 65 1 165 0.39 1.56 9.83 35.00
6 119 136 5 1 160 0.03 23.88 9.83 45.00
7 62 52 9 1 70 0.13 6.92 10.00 25.00
8 64 44 14 70 0.20 4.55 11.75 25.00
9 115 125 9 1 160 0.06 12.72 9.75 30.00
10 88 94 47 1 160 0.29 1.87 10.50 35.00
11 84 104 41 1 160 0.26 2.04 9.83 30.00
12 106 134 7 1 160 0.04 15.14 9.17 35.00
13 121 120 19 1 160 0.12 6.37 9.92 30.00
14 128 130 4 1 160 0.03 32.10 9.92 45.00
15 96 91 48 1 160 0.30 2.01 11.42 30.00
16 93 134 8 1 160 0.05 11.58 8.67 45.00
17 61 102 8 120 007 7.63 14.92 30.00
18 60 102 8 1 120 0.07 7.50 12.75 30.00
19 52 44 9 0 120 0.08 5.78 9.83 1 25.00
C/)(/)
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c. 1 Rates by Intersection for Phase 1
119
Pedestrian Vehicle Conflicts
Control Intersections Violation Rate Violation Rate Rate
Bridger and Third Street 42.80 4.43 38.03
Koval and Flamingo 21.74 2.36 94.08
Stewart and Fourth Street 55.79 2.53 81.19
Twain and Maryland Parkway 57.41 0.28 15.49
Treatment Intersections
Charleston and Las Vegas Boulevard 58.86 0.43 14.94
Maryland Parkway and Flamingo 26.15 2.17 79.90
Sahara and Las Vegas Boulevard 42.53 4.57 29.64
Fremont and Las Vegas Boulevard 14.73 4.62 15.01
C. 2 Rates by Intersection for Phase 2
Pedestrian Vehicle Conflicts
Control Intersections Violation Rate Violation Rate Rate
Bridger and Third Street 16.42 4.06 201.94
Koval and Flamingo 28.90 1.86 95.86
Stewart and Fourth Street 64.65 7.47 222.32
Twain and Maryland Parkwav 26.29 0.20 38.57
Treatment Intersections
Charleston and Las Vegas Boulevard 23.35 2.55 116.32
Maryland Parlovay and Flamingo 22.87 2.09 47.52
Sahara and Las Vegas Boulevard 24.62 1.01 16.20
Fremont and Las Vegas Boulevard 14.75 7.49 29.57
C. 3 Rates by Intersection for Phase 3
Pedestrian Vehicle Conflicts
Control Intersections Violation Rate Violation Rate Rate
Bridger and Third Street 26.07 0.40 24.47
Koval and Flamingo 33.15 1.40 73.27
Stewart and Fourth Street 64.60 2.24 62.09
Twain and Man land Parkwav 22.00 0.70 57.82
Treatment Intersections
Charleston and Las Vegas Boulevard 32.67 0.22 45.16
Maryland Pkwy and Flamingo 28 51 2.74 90.60
Sahara and Las Vegas Boulevard 45.49 2.15 19 85
Fremont and Las Vegas Boulev ard 25.54 5.44 19,90
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